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CHAPTER I 
INTRODUCTION 
The present study sought to determine differences in soil character-
istics related to spruce-fir and beech-birch vegetation in the Great Smoky 
Mountains when other factors were held as nearly constant as possible. 
An attempt was made to evaluate the influence of bedrock on soil character-
istics and vegetation patterns. Hopefully this investigation may contribute 
to a greater understanding of the perplexing vegetation mosaic found at 
higher mountain elevations. 
The Great Smoky Mountains of eastern Tennessee and western North 
Carolina constitute the portion of the Unaka Range situated between the 
Little Tennessee and Pigeon Rivers. Although metamorphosed, the rocks of 
the Unakas, the westernmost range of the Blue Ridge province, lack the 
degree of recrystallization or granitization found eastward (Fennemann, 
1938). Most of the rocks of the Great Smoky Mountains belong to the 
Ocoee series, a group of late Precambrian, primarily clastic sedimentary 
rocks that have undergone some metamorphism, generally increasing toward 
the southeast. The compositions of the complexly faulted and highly 
deformed rocks of the Ocoee series range from conglomerates and poorly-
sorted and coarse-grained sandstones to shales, slates, and phyllites, 
often intergrading and intertonguing (Stose and Stose, 1949; King et al., 
· 1958; Hadley and Goldsmith, 1963; King, 1964; Neuman and Nelson, 1965). 
1 
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The rocks that underlie the main crest of the Great Smoky Mountains 
are highly resistant to erosion, resulting in sixteen peaks with an 
elevation of more than 6000 feet. For 36 miles the Appalachian Trail 
passes along the crest at an elevation of more than 5000 feet. Most of 
the peaks are dome-shaped with steep sidewalls descending into narrow 
valleys with clear, cascading streams and common waterfalls (King and 
Stupka, 1950) . 
The local relief of more than a mile is responsible for a climate 
unlike the warm, humid climate characteristic of the Southeastern States. 
On the high peaks temperatures are found similar to those found in 
southern Canada; however, precipitation is much more abundant and the 
peaks are commonly shrouded in fog (Smallshaw, 1953; Shanks, 1954b) . 
In addition to the great topographic and climatic diversity, the 
great geologic age and general north-south migratory pathways in times 
of climatic shifts provided by the Appalachian range have produced a 
very rich flora and fauna, including several endemics, in the Great 
Smoky Mountains. The resulting mosaic of vegetation types, reported 
to contain more species of trees than the entire continent of Europe 
(Jennison, 1939), has systematically been studied by Cain (1930a) , 
Whittaker (1956), and others. At higher elevations northern deciduous 
and coniferous forests are found that are unlike the forest types found 
at lower elevations in the vicinity (Gattinger, 1901; Ayres and Ashe, 
1905; Holmes, 1911; Maddox, 1926; Braun, 1950). Associated with the 
predominant spruce-fir forests above 4500 feet are the intriguing heath 
balds, grassy balds, and orchard-like beech forests . 
Because of inaccessibility and non-agricultural use of the land, 
soil surveying within the Great Smoky Mountains has been largely on a 
reconnaissance basis and soil series have commonly been given different 
names in adjacent counties (Perkins and Gettys, 1947; Goldston et al., 
1954; Beesley~~., 1955; Hubbard et ~., 1956; Elder~~., 1959). 
While recognizing the five factors of soil formation (Jenny, 1941), 
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the soil surveys, except to some extent in Swain County, North Carolina, 
did not differentiate between soils from contrasting forest types, i.e., 
conifers and hardwoods, although they did suggest some variability within 
the series. 
Other investigators working in the Great Smoky Mountains have also 
noted soil differences related to vegetation. Cain (1930b, 1931) showed 
differences in pH, organic matter accumulation, and degree of podzolization. 
Coile (1938) also mentioned humus accumulation and Podzols in the area. 
While comparing spruce-fir forests in New England with those in the Great 
Smoky Mountains, Oosting and Billings (1951), although recognizing pod-
zolization, did not find any soils with gray, leached layers beneath the 
humus mat in the southern Appalachians. McGinnis (1958) and Mark (1958) 
also found differences in the degree and distribution of organic matter 
accumulation. 
In a study of soils at higher elevations in the Great Smoky 
Mountains, McCracken et al. (1962) compared soils under spruce-fir, 
beech gap, grassy bald, and heath bald communities. The heath bald soil 
was called a Podzol. The other soils were called Sols Bruns Acides 
4 
(Acid Brown Earths) showinB no eluvial or illuvial horizons; however, 
differences in the degree of accumulation and distribution or organic 
matter were apparent. Textural differences were noted and were explained 
by bedrock differences. The spruce-fir soil was sandy loam; the beech 
gap soil, silt loam. 
CHAPTER II 
METHODS 
I. FIELD METHODS 
Survey of area 
A reconnaissance of spruce-fir and associated higher elevation 
vegetation types was made along the Appalachian Trail from Mt. Cammerer 
to Russell Field. Side excursions were made to spruce-fir stands along 
the Balsam Mountain Trail to Spruce Mountain and along the Boulevard 
Trail to Mt. LeConte. Along the trails notes were made with regard to 
rock, soil, and vegetation types and to their apparent degree of 
disturbance by windthrow, fire, and lumbering. Figure 1 shows the 
extent of the spruce-fir forest and the trails taken. 
Selection of sites 
At the conclusion of the survey some of the more easily accessible, 
undisturbed areas (Figure 2) were selected for more intensive study of 
soil characteristics. 
Area 6 on Mt. Mingus and Area 7 on Mt. Collins were selected as 
areas with contrasting bedrock with similar spruce-fir vegetation. 
Areas 1-5 were located at ecotones between spruce-fir and beech 
vegetation. Three areas at the extreme outer limit of spruce-fir vege-
tation in the Great Smoky Mountains were chosen near Spruce Mountain 
(Area 1), Double Spring Gap (Area 2), and Cosby Knob (Area 4). Two 
5 
N 
r 
10 15 20 0 s 
. ,.,..-·---· .....,. .. 
_,../ Mt . .....,__ 
r-·-·- r • 
.-J.,....' • Cammer;~r '-• .1'~-~./ / ~ 
-
""' ,.._, I M \ 
Scale of Miles 
-· , ·---·-· • . t 1/1 . r-· ~ · 1 
I.Jr'\ .s' . • • ·-· 0 '· 
·"" ' r '·) ~ ,; ' ; ~ ~ 
r' Russell ; J 
\
,/ Fi~-~-~······~ -......... ·········... ,, ~} S~~uce 1( .. ,.. /' ·.o n. i / ·,_ ··., ,...i 
. ' ' / '-· ':> • r·/ 
\..., .:. '· ( l . ~ 
• _., • .._...1 
-...... ;l .~ ·.-J 
., (. " / 
,_....... . ....,;''\,;\ /./ . ''\.. ,/ ( ,_,• \ ' I 
·-.:::..·- . ../\ . '-...•"" 
· '-- . .._.,.,..._?-...r.r·"' . ....-.. .. J".f 
Figure l. Outline of the Great Smoky Mountains National Park showing the extent of the 
spruce-fir forest (enclosed by solid lines) and the trails covered in this survey 
(dotted lines). 
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Figure 2 . Outline of the Great Smoky Mountains National Park showing the location of areas 
from which soil samples were collected. (1) Spruce Mountain . (2) Double Spring Gap. 
(3) Mt . Kephart. (4 ) Cosby Knob . (5) Newfound Gap . (6) Mt . Mingus . (7) Mt . Collins. 
-.J 
areas located in "beech gaps" within the main body of spruce-fir were 
selected near Mt. Kephart (Area 3) and Newfound Gap (Area 5). Sites 
were selected in the spruce-fir and paired with corresponding sites 
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under nearby forests consisting primarily of beech with some yellow birch. 
For each pair of sites, an attempt was made to minimize variation due to 
factors other than vegetation. Soil profiles were selected beneath spruce-
fir vegetation and paired with profiles of adjacent beech stands where 
bedrock, elevation, and direction and degree of slope were as nearly alike 
as possible. Moreover, profiles were selected at crests and on convex 
slopes near crests to minimize the possibility of having soil derived from 
parent material other than that similar to the underlying bedrock. Regions 
of rock outcrops, overturned trees, and slides were avoided. 
Sites with contrasting bedrock types. Attempting to ascertain the 
effects of bedrock on soil formation, two spruce-fir forested areas were 
selected that had striking differences in bedrock. One area was located 
at the crest of Mt. Collins, the other at the top of nearby Mt. Mingus. 
Although Mt. Collins was about 550 feet higher at 6188 feet elevation, 
the climates of the two mountains separated by Indian Gap were probably 
not considerably different. Vegetation of both mountains consisted 
predominantly of fir with much spruce, some yellow birch, and an occasional 
mountain maple (Cain, 1934; Oosting and Billings, 1951; Shanks, 1954a) . 
Although heavy in places, windthrow was not recent in the sites selected. 
The area selected on dome-shaped Mt. Collins was underlain mainly by hard, 
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often massive, medium- to coarse-grained sandstones with some conglomerate 
beds mapped as Thunderhead sandstone. The somewhat sharper crested Mt. 
Mingus was underlain by black or rust-stained slate of the Anakeesta 
formation (Hadley and Goldsmith, 1963). Soil of the Mt. Mingus area, 
lying entirely in Sevier County, was called rough mountainous land 
(Ramsey soil material) as was the soil on the Sevier County side of 
Mt. Collins (Hubbard~~., 1956). On the Swain County side of Mt. 
Collins t he soil was classified as Burton stony loam, shallow phase 
(Perkins and Gettys, 1947). 
Sites with contrasting vegetation types. At the very distinct 
boundary between hardwood and coniferous forests, sites were selected to 
control factors of soil formation as previously described on page 8. 
Composition of the spruce-fir and adjacent beech forests has been investi-
gated by Cain (1934), Oosting and Billings (1951), Russell (1953), Shanks 
(1954a), Whittaker (1956, 1966), Crandall (1958), Ramseur (1959), Scho-
field (1960), Oh (1964), and others. 
The Spruce Mountain area south of the Spruce Mountain lookout 
tower was located between Chiltoes Mountain and Cataloochee Balsam at an 
elevation of about 5600 feet. Although stumps and cables provided evidence 
of heavy logging within a mile, little or no disturbance, except some 
windthrow, was apparent in the immediate area. Some spruce trees were 
rather large; one had a D. B. H. (diameter at breast height or 4 . 5 feet 
above ground) of 2.5 feet. In the coniferous forest the trees were mostly 
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fir with abundant spruce and some yellow birch and mountain maple. The 
deciduous vegetation consisted predominantly of beech. Although the 
rocks of the area were mapped as Thunderhead sandstone (Hadley and 
Goldsmith, 1963), hand specimens showed a higher degree of metamorphism 
than the specimens of Thunderhead sandstone from the main divide of the 
Great Smoky Mountains. The Swain County soil survey mapped the soil 
along the crest as Burton stony loam, steep phase; the soil on the slopes 
was called Ramsey loam (Perkins and Gettys, 1947). The opposite slopes 
in Haywood County were mapped as stony rough land (Porters and Ramsey 
soil materials) (Goldston ~ al., 1954) . 
The area at Double Spring Gap was selected because of its great 
ecological interest; spruce is abundant to the east of the gap but almost 
absent to the west. A dome-shaped, spruce-covered rise to the east of 
the gap at an elevation of about 5500 feet was compared with a similar 
appearing beech-covered rise immediately to the west. The vegetation of 
the copiferous site consisted primarily of spruce with some fir, yellow 
birch, and mountain maple. The deciduous stand consisted predominantly 
of beech with a few specimens of buckeye and yellow birch. The only 
disturbance to either stand was a small amount of windthrow and the 
presence of the Appalachian Trail. In Swain County the soil along the 
crest under both deciduous and coniferous vegetation was called Burton 
stony loam, shallow phase, but the soils of the slopes were called Ramsey 
stony loam under the deciduous forests and rough stony land, peaty phase 
under the conifers (Perkins and Gettys, 1947). In adjoining Sevier County 
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all of the soil was mapped as rough mountainous land (Ramsey soil 
material) (Hubbard et al., 1956). Although a strip of rocks of the 
Anakeesta formation passed under Double Spring Gap, the rocks under both 
sites were mapped as Thunderhead sandstone (King, 1964). Hand specimens, 
composed of thick- to thin-bedded, coarse- to fine-grained sandstone with 
beds of slates and phyllites, were taken from the two sites and appeared 
to be of similar compositions. 
The Cosby Knob area was located near the eastern boundary of the 
Great Smoky Mountains at an elevation of about 4900 feet. The coniferous 
vegetation consisted predominantly of spruce with some hemlock, yellow 
birch, and mountain maple. The deciduous stand was composed primarily 
of beech with some yellow birch and an occasional mountain maple, sugar 
maple, and northern red oak. While the North Carolina side appeared to 
have been more disturbed, scattered stumps showed that some trees had been 
selectively taken from the Tennessee side, apparently without disturbing 
the vegetation greatly. Little windthrow was evident. The rocks were 
mapped as Thunderhead sandstone (Hadley and Goldsmith, 1963). Although 
occupying a different stratigraphic position, the rocks appeared to be 
similar to those at Double Spring Gap. The Haywood County soil survey 
called the soil of the area stony rough land (Porters and Ramsey soil 
materials) (Goldston~ al., 1954) . In Cocke County the soil was mapped 
as stony rough land (Ashe soil material) (Beesley et ~., 1955). 
The Mt . Kephart area at the junction of the Sweat Heifer Creek 
Trail with the Appalachian Trail was located in a beech gap at an 
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elevation of approximately 5830 feet. The coniferous vegetation consisted 
mostly of spruce and fir with some yellow birch, mountain maple, and 
mountain ash. The deciduous stand was composed primarily of beech with 
some yellow birch and mountain maple and a few scattered clusters of 
spruce and fir. Windthrow was moderate. Several stumps were present in 
the spruce-fir stand, but the small, gnarled beech appeared to have been 
undisturbed. Bedrock was mapped as the Anakeesta formation consisting of 
black, rust-stained slates, phyllites, and thin- to thick-bedded sandstones 
in places (Hadley and Goldsmith, 1963). The spruce-fir stands occurred 
in sections where rockslides and outcrops were common. Beech was found 
where the soil was about two feet thick, friable and free of stones. 
Unlike the areas previously mentioned,the ecotone between deciduous and 
coniferous vegetation at the Mt. Kephart area was closely related to the 
stoniness of the soil. The soil of the area was called rough mountainous 
land (Ramsey soil material) in Sevier County (Hubbard et al., 1956) . In 
Swain County the soil was mapped as Burton stony loam, shallow phase 
along the crest and as rough stony land, peaty phase on the slopes (Perkins 
and Gettys, 1947). 
~~ The Newfound Gap area was located in the first beech gap west of 
Newfound Gap at an elevation of about 5400 feet. The coniferous vegetation 
was predominantly spruce and fir with some yellow birch and mountain maple. 
Trees of th~ deciduous stands were predominantly beech with some yellow 
birch and a few buckeye. Windthrow was light, and only little damage to 
the vegetation of the area was apparent although the highway to Clingman's 
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Dome passed nearby. Some spruce had a D. B. H. of about two feet. Rocks 
were mapped as the Anakeesta formation consisting of interbedded slates, 
phyllites, and sandstones (Hadley and Goldsmith, 1963). The soil was 
mapped as rough mountainous land (Ramsey soil material) in Sevier County 
(Hubbard~ al., 1956), but in Swain County the soil was called rough 
stony land, peaty phase (Perkins and Gettys, 1947). 
Description of profiles 
At each site several soil profiles were observed. A description 
of each profile found in the Appendix was made using the Munsell color 
notations and other terminology presented by the Soil Survey Manual 
(Soil Survey Staff, 1951, 1962). Profiles designated "A" are from 
spruce-fir sites; "B" profiles are from beech sites. Profiles of the one 
hundred series are from Area 1, two hundred from Area 2, etc. The last 
number designates the specific profile. 
Collection of samples 
From the profiles described, samples, taken from each horizon 
including litter (0) and rock (R) horizons, were placed in numbered 
plastic bags . Rocks larger than two inches in diameter were discarded 
after the percentage by volume was estimated, and the samples were taken 
to the laboratory. 
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II. LABORATORY METHODS 
Measurement £i pH 
Enough distilled water was added to moist samples from the field 
to make the soil pasty when stirred. Litter samples to which a little 
water was added were macerated with a glass rod. The pH values were 
determined with a Leeds and Northup pH meter, model 7401. 
Preparation for analyses 
After determining the pH, the unused portions of the samples were 
placed in paper bags and air dried for about three months before pre-
paring them for chemical and other analyses. Mineral soils were ground 
with a rubber tipped pestle to prevent crushing rocks and mineral 
particles. The ground soils were sieved and separated into three 
classes: (1) less than 2. 0 nnn., (2) 2. 0 nnn. to 4. 76 nnn., and (3) larger 
than 4.76 mm. The less than 2.0 nnn fraction was used in the analyses. 
Litter samples were ground in a Wiley mill to pass a 20 mesh sieve. 
Portions of the air dry samples stored in glass jars were oven dried 
to calculate moisture content for conversion of analytical data to an 
oven dry weight basis. 
Chemical analyses 
Since several profiles in the field showed similar morphological 
characteristics, the number of samples to be analyzed was reduced to 
those from 17 profiles . After cation exchange capacity, extractable 
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bases, and nitrogen determinations were made and several profiles showed 
the same trends, the number of profiles was reduced to eight. 
Cation exchange capacity was determined from the amount of ammonia 
distilled from the KCl leachate of ammonium-saturated soil (Jackson, 1958). 
Calcium, magnesium, potassium, and sodium, extracted with one 
normal ammonium acetate while saturating the soil for cation exchange 
capacity determinations, were determined with a Beckman DU flame emission 
spectrophotometer (Wolfe, 1962). 
Extractable manganese was determined by a similar method using 
the 403 mp. •emission peak of manganese. Standards were prepared by 
dissolving 1.5826 g. Mno 2 in 100 ml. hydrochloric acid (1:1) with a 
few drops of hydrogen peroxide and diluting with water to make 1000 ppm . 
manganese standard in 5 per cent HCl. Aliquots of the standard in 
5 per cent HCl were boiled to expel the HCl, and ammonium acetate was 
added to prepare standards of the desired concentrations. 
Some litter samples were digested with a nitric-perchloric acid 
method, and calcium, magnesium, potassium, sodium, and manganese were 
determined using the Beckman DU flame emission spectrophotometer 
(Wolfe, 1962). 
Exchange acidity and exchangeable hydrogen and aluminum were 
determined by titration (Yuan, 1959; McLean, 1965). Nitrogen was determined 
by a regular macro-Kjeldahl method (Bremner, 1965) using Kel-Pak powder, 
No. 2P, as a catalyst. Organic carbon was determined by the Walkley-Black 
method (Allison, 1965), and free iron oxides were extracted by the sodium 
dithionite method (Olson, 1965). 
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Particle size distribution 
Soil texture determinations were made using the pipette method 
of Day (1965). The method had been modified slightly by Longwell (1966). 
Mineral identification 
Identification of mineral components was made on the fine sand 
(0 . 177-0.105 mm.), coarse silt (0.047-0.020 mm.), and clay (less than 
0.002 mm.) separates obtained from the particle size distribution 
determinations. Fine sand was obtained by sieving. The coarse silt 
and clay separates were obtained by sedimentation and decantation 
(Day, 1965; Kunze, 1965) . 
Optical identification of minerals using the petrographic 
microscope was made by the immersion method (Kerr, 1959; Cady, 1965) 
with index of refraction oils obtained from the R. P. Cargille Company. 
Ilmenite and magnetite were opaque. Epidote, with parallel extinction, 
and hornblende, without parallel extinction, were green. Zircon and 
rutile had very high indices of refraction, much greater than 1 . 70 . 
The micas, brown biotite and colorless muscovite, showed a platy habit, 
almost complete extinction when flat, biaxial figures, and indices of 
refraction greater than 1.540 . Quartz and feldspars were distinguished 
on the basis of indices of refraction and interference figures. Quartz 
had uniaxial interference figures and indices of refraction slightly 
higher than 1.540 . The feldspars, plagioclase with polysynthetic twinning 
and orthoclase without twinning, had indices of refraction slightly less 
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than 1.540 and biaxial figures. Lithic fragments were classified according 
to origin, i.e . , slate and others composed mainly of distinguishable 
particles of quartz and muscovite. A separate category was provided for 
the few other minerals. From each fine sand and coarse silt sample, 
300 grains were counted (Brewer, 1964; Cady, 1965) . 
Identification of oriented clay minerals dried on glass slides 
was facilitated by the use of a Norelco x-ray diffractometer using nickel-
filtered copper radiation (1.5418 R . ) at a scanning speed of one degree 
20 per minute. The clay-size particles were given four treatments: 
(1) magnesium saturation, (2) magnesium saturation with glycerol 
solvation, (3) potassium saturation, and (4) potassium saturation plus 
heating to 500° C. for four hours. Peaks at approximately 10, 5, 3 . 3, 
2 . 5, and 2.0 Rngstroms following each of the four treatments were considered 
evidence of illite. Kaolinite produced peaks at about 7.2 R. and 3.6 R. 
after magnesium saturation, glycerol solvation, and potassium saturation, 
but the peaks were not present after heating. Vermiculite and montmoril-
lonite were identified by peaks at about 14 R. after magnesium saturation 
that contracted to about 11 R. after potassium saturation and to 10 R . 
after heating. However, vermiculite was distinguished from montmorillonite 
because the latter expanded to about 18 R. after glycerol solvation . 
Chlorite was distinguished by peaks at about 14 R. and 7 R. after each of 
the four treatments. Randomly interlayered illite-vermiculite was 
detected by broad or asymmetrical peaks between 10 R. and 14 R. after 
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magnesium saturation and glycerol solvation, but upon heating the peaks 
contracted to 10 R. If the intergrade were illite-montmorillonite, 
the montmorillonite portion would expand to more than 14 R. The 24 R. 
(10 + 14 R.) peak of regularly alternating chlorite-illite or vermiculite-
illite intergrades could not be detected because the x-ray equipment 
could not be used for d-spacings greater than about 20 R. However, a 
peak at about 12 R. that would not collapse after heating would indicate 
regularly interlayered chlorite-illite (Jackson, 1964; Whittig, 1965). 
Quartz was distinguished by its 4 . 3 ~ peak because its more intense 3 . 34 ~ 
peak closely coincided with the third- order illite peak (Jackson, 1964; 
Whittig, 1965) . 
CHAPTER III 
RESULTS 
Basic data for these results are presented along with each profile 
description in the Appendix . In some instances, data for 0 horizons are 
not given because analytical procedures were for mineral soils and were 
not applicable to litter. 
I. SOILS WITH RESPECT TO BEDROCK 
Morphology 
Soils in various stages of development were found over the slate 
of the Anakeesta formation as well as the coarse-grained Thunderhead 
sandstone . Where disturbance was slight or absent and the surface was 
almost level. Profiles with gray eluvial and iron-humus illuvial horizons 
were found over both types of bedrock under spruce-fir vegetation at the 
higher elevations; however, in most situations the eluvial and illuvial 
horizons were not distinct . Profiles A601 and A701 were selected to 
show well developed eluvial horizons over slate and sandstone respectively . 
Profiles A602 and A702 were selected to demonstrate disturbed soils that 
might be more representative of their respective areas over slate and 
sandstone . 
Profile A701. Profile A701 appeared to be undisturbed and is 
described bwlow as follows: 
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01 4 to 3 inches; matted leaves and twigs, mostly spruce and 
fir; several fine roots. 
02 3 to 0 inch; black , (SYR 2/1) "greasy" muck; many small roots. 
Al 0 to 1-1/2 inches; black (N 2/0, moist) to gray (N 5/0, dry) 
sandy loam; weak coarse granular structure; some small roots; 
abrupt wavy boundary. 
A2 1-1/2 to 4-1/2 inches; dark gray (lOYR 4/1, moist) to light 
gray (lOYR 6/1, dry) fine sandy loam; weak fine subangular 
blocky structure; abrupt wavy boundary. 
B2h 4-1/2 to 6 inches; very dusky red (2.5YR 2/2, moist) to dark 
gray (SYR 4/1, dry) sandy loam; weak fine subangular blocky 
structure; abrupt wavy boundary. 
B2ir 6 to 8 inches; dark reddish brown (SYR 3/2, moist) to dark 
grayish brown (lOYR 4/2, dry) sandy loam; weak fine subangular 
blocky structure; abrupt wavy boundary. 
B3 8 to 19 inches; dark yellowish brown (lOYR 4/4, moist) to 
pale brown (lOYR 6/3, dry) sandy loam; few light gray 
(lOYR 7/2) mottles; weak fine subangular blocky structure; 
firm. 
R 19+ inches; thick-bedded feldspathic sandstone to arkose . 
Profile A601. Profile A601 had been disturbed, probably by 
windthrow, but had been in place long enough for eluvial and illuvial 
horizons to have developed over a buried A2 horizon and is described 
below as follows : 
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01 5-1/2 to 4-1/2 inches; loose leaves and twigs, mostly fir with 
some spruce, yellow birch, and mountain maple; fine roots 
common. 
021 4-1/2 to 2 inches; loose, black (5YR 2/1) muck; many fine 
roots, some up to 1/2 inch in diameter. 
022 2 to 0 inch; black (5YR 2/1) "greasy" muck; several roots, 
some up to 1-1/2 inches in diameter . 
Al 0 to 1/2 inch; Black (N 2/0, moist) to dark gray (N 4/0, dry) 
"greasy" silt loam; weak fine granular structure; friable; 
few roots; abrupt irregular boundary. 
A2 1/2 to 2-1/2 inches; very dark gray (lOYR 3/1, moist) to 
light gray (lOYR 6/1, dry) silt loam; weak medium granular 
structure; abrupt wavy boundary. 
B2h 2-1/2 to 5 inches; very dark gray (5YR 3/1, moist) to gray 
(lOYR 5/1, dry) loam; moderate medium subangular blocky 
structure; firm; abrupt wavy boundary. 
B2ir 5 to 6-1/2 inches; very dark gray (5YR 3/1, moist) to gray 
(lOYR 5/1, dry) loam; weak fine subangular blocky structure; 
friable; abrupt broken boundary. 
A 1 2 6-1/2 to 10-1/2 inches; gray (N 5/0, moist) to light gray 
(N 6/0, dry) silt loam; common medium prominent yellowish 
brown (lOYR 5/4, moist) to light yellowish brown (lOYR 6/4, 
dry) mottles; moderate medium subangular blocky structure; 
firm; slate chips common; abrupt wavy boundary. 
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B'2 10-1/2 to 17-1/2 inches; dark yellowish brown (lOYR 4/4, moist) 
to pale brown (lOYR 6/3, dry) loam; few fine prominent yellowish 
red (5YR 5/6, moist) to light yellowish brown (lOYR 6/4, dry) 
mottles; weak subangular blocky structure ; slate common. 
C 17-1/2 to 22 inches; olive brown (2 . 5Y 4/4, moist) to brown 
(10YR 5/3, dry) loam; many slate fragments . 
R 22+ inches; black or rust- stained of the Anaskeeta found at ion . 
Profile A602 . Profile A602, described below, appeared similar 
to several of the profiles in the spruce-fir sites that were used in 
the comparison of soils under spruce-fir and beech vegetation . 
01 3-1/2 to 2-l/2 inches; relatively undecomposed leaves and 
twigs of fir and spruce with some mountain maple and yellow 
birch; many fine roots . 
02 2-1/2 to 0 inch; black "greasy" muck; several small roots . 
All 0 to 1/4 inch ; black (5YR 2/l) "greasy" silt loam; moderate 
coarse granular structure; several fine roots; abrupt wavy 
boundary . 
Al2 l/4 to 4 inches; very dark gray (5YR 3/1, moist) to gray 
(lOYR 5/1, dry) silt loam; moderate coarse granular structure; 
few small roots . 
AB 4 to 5-1/2 inches; dark gray (lOYR 4/l, moist) to pale brown 
(lOYR 6/3, dry) silt loam to loam; common fine prominent 
yellowish brown (lOYR 5/6) mottles; moderate fine subangular 
blocky structure; firm; clear irregular boundary . 
---------------------------------------------------------------------------~~----
B2 5-1/2 to 12 inches; dark yellowish brown (lOYR 4/4, moist) to 
pale brown (lOYR 6/3, dry) loam; moderate fine subangular 
blocky structure . 
B3 12 to 17 inches; dark brown (lOYR 4/3, moist) to pale brown 
(10YR 6/3, dry) fine sandy loam; weak fine subangular blocky 
structure; several slate fragments . 
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R 17+ inches; black or rust-stained slate of Anakeesta formation . 
Profile A702. The surface of profile A702 had apparently been 
removed leaving an iron-humus horizon immediately beneath a thin, 
dark colored A horizon containing a large amount of organic matter. 
The description of profile A702 is as follows: 
01 2 to 1 inch; matted leaves and twigs, mostly fir and spruce; 
several fine roots . 
02 1 to 0 inch; black (5YR 2/1) muck; many small roots, some up 
to 1/2 inch in diameter . 
Al 0 to 1 inch; black (lOYR 2/1, moist) to gray (lOYR 5/1, dry) 
fine sandy loam; weak fine granular structure; several small 
roots, some up to one inch in diameter; abrupt wavy boundary . 
B2h 1 to 3-1/2 inches; very dusky red (lOR 2/2, moist) to gray 
(5YR 5/1, dry) fine sandy loam; weak fine subangular blocky 
structure; abrupt irregular boundary extending downward to 
nine inches in places . 
B2ir 3-1/2 to 4 inches; dark reddish brown (SYR 3/3, moist) to 
pale brown (lOYR 6/3, dry) sandy loam; weak fine subangular 
blocky structure; abrupt irregular to broken boundary . 
B3 4 to 12-1/2 inches; dark brown (lOYR 4/3, moist) to pale 
brown (lOYR 6/3, dry) loamy sand; few medium distinct light 
brownish gray (lOYR 6/2) mottles; weak fine subangular 
blocky structure . 
C 12-1/2 to 13 inches; weathering sandstone; abrupt broken 
boundary. 
R 13+ inches; massive, coarse- grained feldspathic sandstone 
or arkose. 
Chemistry 
Similar tendencies were found in the distribution of organic 
carbon (Figures 3 and 4) and of nitrogen (Figures 5 and 6). Profiles 
over slate contained greater percentages of carbon and nitrogen than 
profiles over sandstone . Percentages of both elements increased in 
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the illuvial (B2h and B2ir) horizons after declining rapidly from the 
surface into the A2 horizon . Where no A2 horizon was present the 
amounts of carbon and nitrogen decreased downward from the organic (0 ) 
horizons. The ratios of carbon to nitrogen exhibited different patterns 
in profiles over sandstone than over slate. The c/N ratios in the two 
profiles over sandstone were similar and showed an increase down to the 
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B2ir horizon and then a decrease (Figures 7 and 8). C/N ratios in the 
profiles over slate decreased with depth; however, a sharp increase 
was apparent at the lower boundary of the eluvial horizons of profile 
A601 . 
The amount of free iron oxides increased to a depth of about 
four to eight inches and then decreased in each profile (Figures 9 and 
··~ .. 
10) . The best example of iron depletion was found in profile A701 
where all of the free iron oxides had apparently been translocated out 
of the A horizon . Near bedrock the amounts of iron were higher in 
profiles over slate. A sharp decrease in the per cent of free iron 
oxides occurred in profile A602 at about the same depth as a decrease 
in iron content was found in the lower bleached (A'2) horizon in A601. 
Figures 11 and 12 show the pH values throughout each profile . 
Profiles A601 and A701 showed lower pH values in the organic (0) and 
illuvial (B2h and B2ir) horizons . Profiles A602 and A702, both 
selected as representative of more disturbed soils, showed a single 
low pH value in the Al horizon. The pH values gradually increased in 
the B horizons until values became about the same for each B3 horizon 
of the four profiles . 
Although exchange acidity values did not follow the exact patterns 
displayed by the pH values, some relationship between exchange acidity 
and pH was apparent. Total acidity was greatest in the organic (0) 
horizons where about half of the exchange acidity was due to exchangeable 
hydrogen. In profiles with an eluvial (A2) over an illuvial (B2h and B2ir) 
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horizon, total acidity increased slightly in the illuvial horizons after 
a decline in the eluvial horizon (Figures 13 and 14). Generally the amount 
of exchangeable hydrogen corresponded closely to the amount of organic 
carbon. As the amount of organic matter decreased downward in the profiles, 
a greater percentage Qf the exchange acidity was due to exchangeable 
aluminum. The exchangeable aluminum was generally present in greater 
amounts in the mineral soil horizons with greater amounts of clay (Figures 
15 and 16) . 
Cation exchange capacity was considerably higher in the organic (0) 
horizons than in the mineral soil beneath (Figures 17 and 18). In the 
mineral soils cation exchange capacity was generally greater in the fine 
textured profiles over slate than over sandstone. In profiles over sand-
stone the cation exchange capacity was greater in horizons with the greater 
amounts of organic matter and finer textures. In profiles over slate, the 
cation exchange capacity did not always seem to be directly related to 
the amount of organic matter or texture . A sharp decrease in cation 
exchange capacity at about eight inches with an increase at greater depths 
was apparent in profile A602 as well as A601 with a buried (A'2) horizon . 
The total amounts of extractable calcium plus magnesium, potassium, 
and sodium, like cation exchange capacity, were much greater in the 
organic horizons than in the mineral horizons (Figures 19 and 20) . 
Generally the percentage of each cation decreased with depth except for 
a slight increase in the B2h and B2ir horizons and was slightly greater 
in profiles over slate. 
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Figure 13 . Exchange acidity, the sum of exchangeable aluminum and 
exchangeable hydrogen, in profile A601 with an A2 horizon 
over slate. 
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exchangeable hydrogen, in profile A602 without an A2 horizon 
over slate. 
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exchangeable hydrogen, in profile A702 without an A2 horizon 
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Per cent base saturation was higher in organic layers than in 
the mineral soil. Per cent base saturation was greater in mineral soil 
horizons over sandstone than in profiles with a higher cation exchange 
capacity over slate. Data pertaining to cation exchange capacity, 
extractable bases and per cent base saturation are summarized in Table I. 
Texture 
The distribution of sand, silt, and clay in profiles over con-
trasting types of bedrock is shown in Figures 21 and 22. Although some 
of the profiles had been disturbed, textural differences in soils over 
the two types of bedrock were readily apparent. Soils over the sand-
stone contained much more sand and less fine silt and clay than those 
over slate. The amount of clay tended to increase with depth in profiles 
with A2 horizons and decreased as bedrock was approached in the other 
profiles. 
Mineralogy 
The percentages of minerals in the fine sand and coarse silt 
separates are given in Tables II, III, IV, and v. Particles composed 
of rock fragments were more numerous in the fine sand separates and in 
profiles over slate. Most of the minerals in the fine sand size were 
quartz and orthoclase, but in the coarse silt separate muscovite replaced 
orthoclase as the second most abundant mineral. Orthoclase was more 
abundant in soils over sandstone than over slate. Although the amount 
TABLE I 
EXTRACTABLE BASES, CATION EXCHANGE CAPACITY, AND PER CENT BASE 
SATURATION IN PROFILES A601 AND A602 OVER SLATE 
AND PROFILES A701 AND A702 OVER SANDSTONE 
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Per Cent Millieguivalents per 100 g. Profile Horizon Extractable bases Exchange Base 
Ca Mg K Na CaEaci tl Saturation 
A601 01 12.12 2.36 1. 75 0.25 72.4 22.8 
021 6.37 1.88 0. 72 0.20 107.5 8.5 
022 3.25 1. 87 0.52 0.12 105.7 5.5 
Al 0.60 0.53 0.30 0.18 51.5 3.1 
A2 0.12 0.17 0.09 0.07 13.7 3.3 
B2h 0.05 0.17 0.05 0.06 12.5 2.6 
B2ir 0.07 0.12 0.05 0.07 11.9 2 . 6 
A'2 0.05 0.08 0.04 0.07 5.7 4.2 
B'2 0.02 0.08 0.04 0.06 16.0 1.3 
A602 01 20.50 4.68 2.16 0.22 72.7 37.9 
02 6.40 1.63 0.64 0.12 75.3 11.7 
Al 0.38 0.21 0.11 0.09 19.4 2.1 
AB 0.12 0.17 0.04 0.08 19.7 2.1 
B2 0.12 0.17 0.04 0.08 9.6 4.3 
B3 0.02 0.08 0.01 0.06 13.2 1.3 
A701 01 10.04 4.06 4.94 0.17 69.3 27.7 
02 2.45 2.42 0.66 0.13 93.0 6 . 1 
Al 0.20 0.25 0.08 0.08 11.4 5.3 
A2 0.10 0.08 0.03 0.06 4.9 5.5 
B2h 0.07 0.12 0.04 0.07 15.6 1.9 
B2ir 0.05 0.12 0.03 0.07 13.1 2.1 
B3 0.02 0.08 0.01 0.07 7.4 2.5 
A702 01 8.00 2. 77 3. 77 0.17 77.4 15.1 
02 1.57 2.19 0.67 0 .' 20 99.9 4 . 6 
Al 0.20 0.34 0.14 0.11 19.6 4.0 
B2h 0.07 0.08 0.03 0.08 8.8 2 . 9 
B2ir 0.05 0.12 0.01 0.08 7.2 3.6 
B3 0.02 0.08 0.01 0.07 4.5 4.0 
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Figure 21. Percentages of particles in separates of soil profiles with 
an A2 horizon over slate (A601) and over sandstone (A701) . 
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TABLE II 
PERCENTAGE OF MINERALS AND LITHIC FRAGMENTS 
IN FINE SAND SEPARATE OVER SLATE 
Particle 
type Profile A601 Profile A602 
A2 B2h B2ir A'2 Al B2 
Minerals 
Quartz 43.7 51.3 60.3 56.3 61.7 34.7 
Muscovite 1.3 1.3 1.3 0.3 0.0 1.3 
Biotite 0.7 0.0 0.7 0.0 0.0 7.3 Orthoclase 7.3 5.7 6.0 1.7 2.3 4.7 
Plagioclase 0.0 0.0 0.0 0.0 0.0 0.3 
Hornblende+Epidote 0.3 0.0 0.0 0.0 0.0 1.0 
Zircon+Rutile 0 . ,0 0.0 0.0 0.0 0 . 0 0 . 0 
Opaque 1.0 1.0 1.0 1.3 2.0 1.0 
Other 0.0 0 . 3 0.3 0.3 0.7 2 . 0 
Lithic fragments 
Mostly quartz 24.0 22 . 0 16.0 8.3 10.0 8 . 7 S 1at·e .. ·- .. ...... , 
··:w ; r .. T6 :7 " 11.3 3"1:0 ' " - 21.7 ·38 . 7 . 
Other 1.0 1.7 2.3 0 . 7 1.7 0 . 3 
TABLE III 
PERCENTAGE OF MINERALS AND LITHIC FRAGMENTS 
IN FINE SAND SEPARATE OVER SANDSTONE 
so 
Particle Profile A701 Profile A702 
type A2 B2h B2i.r Al B2h B2ir 
Minerals 
Quartz 63.7 61.3 55.3 78.3 77.7 70 . 3 
Muscovite 2.3 1.3 3.7 1.0 2.3 1.3 
Biotite 0.0 1.3 2.0 0.0 0.3 1.3 Orthoclase 16.0 21.0 21.3 11.3 8 . 7 10 . 0 
Plagioclase 0.0 0.7 0.7 0.0 0.3 0.0 
Hornblende+Epidote 0.0 0.0 0.0 0.0 0 . 0 0 . 0 
Zircon+Rutile 0 . 0 0.0 0.0 0.0 0.0 0.0 
Opaque 0.3 0 . 3 0.0 0.3 0 . 0 0.0 Other 0.3 0.0 0.0 0.0 0 . 0 0 . 0 
Lithic fragments 
Mostly quartz 12 . 0 12.0 16.0 8.3 10.3 14.7 Slate 3 . 7 1.3 0.7 0.3 0.3 1.7 Other 1.7 0.7 0.3 0.3 0.0 0 . 7 
---
TABLE IV 
PERCENTAGE OF MINERALS AND LITHIC FRAGMENTS 
IN COARSE SILT SEPARATE OVER SLATE 
Particle Profile A601 
type A2 B2h B2ir A'2 
Minerals 
Quartz 74.3 70.0 68.0 71.3 
Muscovite 18.7 18.7 22.7 20.7 
Biotite 0.7 0.3 0.3 1.7 
Orthoclase 3.0 6.0 5.0 3 . 0 
Plagioclase 0.0 0 . 0 0 . 0 0.0 
Hornblende+Epidote 0.0 0.3 0.3 0.0 
Zircon+Rutile 0.3 0.0 0 . 0 0.0 
Opaque 1.0 1.7 1.3 1.3 
Other 0.3 1.7 0.3 0.0 
Lithic fragments 1.7 1.3 2.0 2 . 0 
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Profile A602 
Al B2 
69.7 56 . 7 
22.0 25 . 3 
1.0 7.3 
3.0 2.7 
0.0 0 . 0 
0.3 0.7 
0.0 0 , 0 
1.0 1.0 
1.0 2 . 7 
2 . 0 3.7 
TABLE V 
PERCENTAGE OF MINERALS AND LITHIC FRAGMENTS 
IN COARSE SILT SEPARATE OVER SANDSTONE 
Particle Profile A701 Profile A702 
type A2 B2h B2ir Al B2h 
Minerals 
Quartz 60.0 51.7 39.3 53 . 7 47.3 
Muscovite 18.7 26.7 30.3 36.0 38.0 
Biotite 0.7 3.0 13.3 0 . 3 0.3 
Orthoclase 18.7 16.7 13.0 9 . 3 11.7 
Plagioclase 0.3 0.3 0.0 0.0 0.3 
Hornblende+Epidote 0 . 0 0.0 0.0 0.0 0.0 
Zircon+Rutile 0.0 0.0 0.0 0.0 0 . 0 
Opaque 1.7 1.0 2 . 0 0.3 2 . 3 
Other 0 . 0 0.0 1.7 0.3 0 . 0 
Lithic fragments 0.0 0.7 0 . 3 0.0 0.0 
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B2ir 
49.7 
33.0 
7 . 0 
7.0 
0.3 
0 . 0 
0.3 
1.3 
1.3 
0 . 0 
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of most minerals varied from horizon to horizon within the profile, the 
amount of biotite was greater near bedrock. Quantities of other minerals 
were so small that no definite trends could be determined for them. 
Clay minerals from profiles A701 and A702 over sandstone showed 
very similar x-ray diffraction patterns (Figures 23 and 24). Deeper 
horizons, containing greater amounts of free iron oxides, produced 
patterns in which the peaks were not as sharp as the peaks obtained 
from clays from the A horizons . Peaks at about 7.2 ~. and 3.6 ~ . which 
0 disappeared upon heating to 500 C. appeared to be due to kaolinite . 
Peaks at 10-12 ~. produced by expanded illite or interlayered illite-
vermiculite, expanded slightly upon glycerol solvation and contracted 
to 10 ~. after being saturated with potassium and heating to 500° C. 
(Figure 25). Very small peaks at about 14 ~.were apparent in some 
unheated samples and were probably due to vermiculite . Small peaks at 
about 4.3 ~. indicated the presence of quartz which must compose about 
10 per cent of the sample to be evident at 4.3 ~ . (Jackson, 1964) . 
Clays from profiles over slate showed essentially the same peaks 
by x-ray diffraction as were observed in profiles over sandstone. 
However, kaolinite peaks were not as intense as in the x-ray patterns 
of clay from over sandstone. Except in the A'2 horizon of profile A601, 
kaolinite peaks were more intense in horizons near the surface and became 
less intense with depth in soils from over sandstone and slate. The A' 2 
horizon of profile A601 did not only show a more intense peak at 7.2 ~ . 
but also had a sharp peak at about 6 . 2 ~. that was absent or not readily 
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Figure 23 . X-ray diffraction patterns of Mg-saturated clays from profile A701 with an 
A2 horizon over sandstone. 
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Figure 24. X-ray diffraction patterns of Mg-saturated clays from profile A702 without an A2 horizon over sandstone . 
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apparent in patterns from other samples (Figure 26). Glycerol solvation 
or potassium saturation failed to affect peak position or intensity to 
a ny great extent (Figures 27 and 28) . However, heating to 500° C. caused 
the peaks at 7 . 2, 6 . 2, and 3 . 6 ~ngstroms to disappear. 
The intensity of peaks obtained from clay samples from profile 
A602 was attenua ted by the large amount of free iron oxides present 
(Figures 29 and 30) . The most prominent clay mineral appeared to be 
illite or interlayered illite-vermiculite, but a small amount of 
kaolinite was present, decreasing with depth. Illite from the B2 
horizon was expanded and appeared to contain large amounts of mixed 
illite- vermiculite . Small peaks at about 4 . 3 R. were probably due to 
quartz . 
II. SOILS WITH RESPECT TO VEGETATION 
Because of the large number of samples collected, the results 
are presented in terms of modal profiles beneath the respective vege -
tation types . All descriptive and analytical data obtained were used 
except those from profiles Al04, A601, A602, A701, and A702 . 
Morphology 
Although the characteristics of individual soil profiles varied 
from one location to another within the same vegetation type and some -
times overlapped with characteristics of profiles from the other vege -
tation type, the influence of vegetation was clearly manifested in the 
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Figure 26 . X-ray diffraction patterns of Mg-saturated clays from profile A601 with an 
A2 horizon over slate. 
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soil characteristics related to the accumulation of organic matter. The 
smaller-leaved, slower decaying litter from spruce-fir vegetation accumu-
lated in thicknesses ranging from two to more than five inches while the 
larger-leaved beech produced looser, less enduring layers rarely exceeding 
two inches in thickness. 
Differences caused by the nature of the litter were also inherent 
in the mineral soil. The A horizon, although only slightly thicker, was 
more black than brown under the spruce-fir. The boundary between A and 
B horizons was not as abrupt under spruce-fir, and often the AB horizon 
showed a reticulated pattern of organic matter extending down into B 
material . 
Humus was not the only organic component that was different. 
Although the ground cover of the beech forest did not have an abundance 
of bryophytes and ferns as did the spruce-fir, the former had a greater 
abundance of herbs and sedges as well as small macroscopic animals such 
as earthworms and millipedes. Most roots were located in the uppermost 
six inches of soil including the organic horizons. Many if not most of 
the fine roots of spruce and fir were congregated in the 02 (muck) 
horizon, whereas roots of the beech were distributed to greater depths . 
Modal profile under spruce-fir vegetation. A modal profile 
description taken from a composite of 18 profiles under spruce-fir 
vegetation is given below as follows: 
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01 3-1/2 to 2-1/4 inches; 'leaves and twigs of spruce and fir, some 
litter and fine roots from herbaceous ground cover. 
02 2-1/4 to 0 inch; black (5YR 2/1) coarse to "greasy" muck; many 
fine roots; abrupt wavy boundary. 
All 0 to 1-1/2 inches; black (5YR 2/1, moist) ~o dark gray (10YR 4/1, 
dry) loam; weak fine granular structure; many fine roots, some 
up to 1/2 inch in diameter; some slate and sandstone fragments; 
abrupt wavy to irregular boundary. 
Al2 1-1/2 to 5 inches; black (lOYR 2/1, moist) to dark gray (lOYR 4/1, 
dry) loam; weak fine granular structure; several small roots, 
some up to 1-1/2 inches in diameter; some slate and sandstone 
fragments; abrupt irreg~lar boundary, tongue9 sometimes extending 
down 2 to 4 inches. 
AB 5 to 7 inches; very dark brown (lOYR 3/2, moist) to grayish 
brown (10YR 5/2, dry) loam, color pattern variable due to 
streaking by organic matter from horizons above; weak fine 
subangular blocky structure; some small roots; some slate and 
sandstone fragments; abrupt irregular boundary. 
B2 7 to 15-3/4 inches; dark brown (lOYR 4/3, moist) to pale brown 
(lOYR 6/3, dry) loam; weak fine subangular blocky structure; 
very few roots; some slate and sandstone fragments; clear 
wavy boundary. 
B3 15-3/4 to 22-1/4 inches; dark brown (10YR 4/3, moist) to pale 
brown (lOYR 6/3, dry) sandy loam; weak fine subangular blocky 
structure; about 30 per cent slate and sandstone fragments; 
abrupt broken boundary. 
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C 22-1/4 to 22-3/4 inches; dark brown (lOYR 4/3, moist) to light 
yellowish brown (lOYR 6/4, dry) loamy sand; single grained; 
irregular lenses near rock surface. 
R 22-3/4+ inches; thin- to thick-bedded, coarse- to fine-grained 
feldspathic sandstone or arkose with abundant beds of phyllite 
and black slate. 
Modal profile ~ beech vegetation. A modal profile description 
taken from a composite of 17 profiles under beech vegetation is given 
below. 
01 1-1/2 to 1/2 inch; leaves and twigs of beech with some yellow 
birch, mountain maple and forb litter. 
02 1/2 to 0 inch; matted litter; some arthropod activity; abrupt 
wavy boundary. 
All 0 to 2 inches; very dark grayish brown (lOYR 3/2, moist) to gray 
(lOYR 5/1, dry) loam; weak fine granular structure; very porous 
and friable; arthropod and earthworm activity common; many fine 
roots, some up to 1 inch in diameter; some slate and sandstone 
fragments; abrupt wavy boundary. 
Al2 2 to 6-1/2 inches; very dark grayish brown (lOYR 3/2, moist) to 
grayish brown (lOYR 5/2, dry) loam; weak fine granular structure; 
.------------------------------·----
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several small roots, some up to 2 inches in diameter; some earth-
worm activity; some $late and sandstone fragments; clear wavy 
boundary. 
B2 6-1/2 to 17 inches; dark grayish brown (10YR 4/2, moist) to pale 
brown (lOYR 6/3, dry) loam; weak fine subangular blocky structure; 
some roots; some slate and sandstone fragments; clear wavy boundary . 
B3 17 to 23-1/2 inches; dark grayish brown (lOYR 4/2, moist) to pale 
brown (lOYR 6/3, dry) sandy loam; weak fine granular structure; 
few roots; about 30 per cent slate and sandstone fragments; 
abrupt broken boundary. 
C 23-1/2 to 24-3/4 inches; dark grayish brown (2.5Y 4/2, moist) to 
light brownish gray (10YR 6/2, dry) loamy sand; single grained; 
irregular lenses near rock surface. 
R 24-3/4+ inches; thin- to thick-bedded, coarse- to fine-grained 
feldspathic sandstone or arkose with abundant phyllite and 
black slate. 
Chemistry 
Differences in chemical properties related to vegetation are shown 
graphically in Figures 31-44. Except for pH, data for the graphs are an 
average of the product of concentration times thickness plotted on the 
respective midpoints of the modal profiles. The pH values are median 
values plotted on modal profile horizon midpoints. 
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Figure 31. Median pH values and modal soil profiles under spruce-fir 
and under beech vegetation. 
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Figure 32 . Average exchange acidity, the sum of exchangeable aluminum 
and exchangeable hydrogen, of soil profiles under spruce-fir 
vegetation. 
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Figure 33 . Average exchange acidity, the sum of exchangeable aluminum 
and exchangeable hydrogen, of soil profiles under beech vegetation. 
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Figure 34. Average percentages of organic carbon in soil profiles 
under spruce-fir and under beech vege~ation. 
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Figure 35. Average percentages of nitrogen in soil profiles under 
spruce-fir and under beech vegetation. 
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Figure 36. Average ratios of carbon to nitrogen in soil profiles 
under spruce-fir and under beech vegetation. 
72 
25 
Depth in 
Inches 
0 
5 
10 
15 
20 
,x' 
25 
0 
I 
I 
I 
I 
I 
10 
I 
I 
I 
I 
X 
," , 
x--- ---- ---
20 30 
---
- - -
~Spruce-fir 
---x--- Beech 
40 50 
Milliequivalents per 100 g. soil 
73 
60 70 80 
Figure 37. Average cation exchange capacity in soil profiles under 
spruce-fir and under beech vegetation. 
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Figure 38. Average per cent base saturation of soil profiles under 
spruce-fir and under beech vegetation. 
74 
Depth in 
Inches 
0 
5 
10 
15 
20 
, 
X 
25 
, 
0.0 
I 
~ 
I 
If 
I 
I 
I 
75 
Inches 
0 
5 
10 
15 Spruce-fir 
Beech 
--)(--20 
25 
10 2 30 
0.5 l.O 1.5 2.0 2.5 
Milliequivalents per 100 g. soil 
Figure 39. Average total extractable calcium, magnesium, potassium, 
and sodium in soil profiles under spruce-fir and under beech 
vegetation. 
Depth in 
Inches 
5 
10 
15 
I 
I 
* I 
20 x 
' I 
I I 
I 
x 
' 
76 
Inches 
0 - -- - -- _.,._ _--
5 
10 
15 
--o-- Spruce-fir 
- -;.. -- Beech 
20 
25 
0 10 20 30 
25+---------~----------~--------~----------~--------~----~ 
0.0 0.5 1.0 1.5 2.0 2.5 
Milliequivalents per 100 g. soil 
Figure 40. Average values for extractable calcium in soil profiles 
under spruce-fir and under beech vegetation. 
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Figure 41. Average values for extractable magnesium in soil profiles 
under spruce-fir and under beech vegetation . 
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Figure 42. Average values for extractable potassium in soil profiles 
under spruce-fir and under beech vegetation. 
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Figure 43. Average values for extractable sodium in soil profiles 
under spruce-fir and under beech vegetation. 
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under spruce-fir and under beech vegetation. 
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Figure 31 shows that pH values were lower in the upper horizons, 
including litter, under spruce-fir than under beech vegetation and 
increased with depth until the pH values were nearly equal in the B 
horizons under both types of vegetation . 
Exchange acidity, exchangeable hydrogen plus aluminum, closely 
paralleled the pH values. As shown in Figures 32 and 33, the amount of 
exchange acidity was greater under spruce-fir and decreased with depth 
under both types of vegetation . Most of the acidity, especially in the 
mineral soil horizons, was due to aluminum rather than hydrogen. Beech 
litter was available in small quantities, but a pair of analyses showed 
that the beech litter contained little or no exchangeable aluminum and 
not as much exchangeable hydrogen as the spruce-fir litter . 
Organic carbon (Figure 34) was more concentrated in the horizons 
near the surface, and the percentages were found to decrease downward 
in profiles under both vegetation types . Although the percentage of 
nitrogen was greater in the deciduous litter, the nitrogen concentration 
decreased with depth and was found to be present in smaller amounts in 
most of the A horizon under the beech stands. However, as Figure 35 
shows, the average percentages of nitrogen were about equal in the B 
horizons under both types of vegetation. The ratios of carbon to 
nitrogen (Figure 36) were higher under spruce-fir and decreased with 
depth under both types of vegetation . 
Cation exchange capacity (Figure 37) was greater in profiles under 
spruce-fir vegetation and decreased consistently with depth under both 
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types of vegetation. Although the per cent base saturation (Figure 38) 
was greater under the deciduous stands, the difference was due to the 
higher cation exchange capacity in the spruce-fir profiles more than to 
greater amounts of bases being present in the profiles under the beech 
stands. The amount of extractable bases, although shown by Figure 39 
to be slightly greater under beech, was not greatly different except in 
organic horizons. The same trends were evident for each of the ex-
tractable bases, calcium, magnesium, potassium, and sodium (Figures 40-
43), with the exception that similar distributions were found for 
magnesium in the mineral soil and for sodium in the horizons near the 
surface. 
Although present in greater concentrations in beech litter, the 
percentage· of total calcium (Table VI) was greater in the 01 than in 
the 02 horizons beneath both forest types . Total magnesium (Table VII) 
was also more concentrated in the 01 horizon beneath the beech, but in 
the 02 horizon the magnesium concentration had increased until the 
percentages of magnesium in the spruce-fir litter were approximately the 
same as in the beech . The potassium and sodium concentrations (Tables 
VIII and IX) were slightly greater in the 02 horizons, but, except for 
a lower sodium concentration in the 01 horizon beneath beech, differences 
in the percentages of potassium and sodium in the beech and spruce-fir 
litter were not as readily apparent as for calcium and magnesium . 
As shown in Table X the percentages of total manganese were 
greater in the litter produced by the beech vegetation. Extractable 
Horizon 
01 
02 
TABLE VI 
PER CENT CALCIUM IN LITTER UNDER SPRUCE-FIR 
AND UNDER BEECH VEGETATION 
Spruce-fir 
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Beech 
Profile Per cent Profile Per cent 
AlOl 0.18 Bl02 0.76 
A201 0 . 32 B201 0 . 57 
A203 0 . 26 B203 0 . 75 
A204 0 . 25 B204 0 . 63 
A401 0.42 B403 1.02 
A501 0.28 B501 0 . 56 
AlOl 0 . 05 Bl02 0 . 70 
A201 0.08 B201 0 . 36 
A203 0 . 05 B203 0 . 40 
A204 0.05 B204 0 . 29 
A401 0.08 B403 0 . 28 
A501 0 . 14 B501 0 . 29 
Hori ,zon 
01 
02 
TABLE VII 
PER CENT MAGNESIUM IN LITTER UNDER SPRUCE-FIR 
AND UNDER BEECH VEGETATION 
Spruce-fir 
84 
Beech 
Profile Per cent Profile Per cent 
AlOl 0.06 Bl02 0 . 18 
A201 0 . 08 B201 0 . 17 
A203 0.07 B203 0 . 14 
A204 0 . 05 B204 0 . 10 
A401 0.05 A403 0 . 12 
A501 0.05 B501 0.10 
AlOl 0 . 04 Bl02 0 . 12 
A201 0 . 22 B201 0 . 16 
A203 0 . 28 B203 0 . 15 
A204 0 . 14 B204 0 . 20 
A401 0 . 07 B403 0.07 
A501 0 . 05 B501 0 . 09 
Horizon 
01 
02 
TABLE VIII 
PER CENT POTASSIUM IN LITTER UNDER SPRUCE-FIR 
AND UNDER BEECH VEGETATION 
Spruce-fir 
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Beech 
Profile Per cent Profile Per cent 
AlOl 0.07 Bl02 0 . 23 
A201 0.12 B201 0.15 
A203 0.12 B203 0.11 
A204 0.12 B204 0 . 13 
A401 0.17 B403 0.13 
A501 0.13 B501 0.13 
AlOl 0.07 Bl02 0.15 
A201 0 . 25 B201 0 . 18 
A203 0 . 20 B203 0.21 
A204 0.29 B204 0 . 20 
A401 0 . 27 B403 0.17 
A501 0 . 22 B501 0 . 20 
Horizon 
01 
02 
TABLE IX 
PER CENT SODIUM IN LITTER UNDER SPRUCE-FIR 
AND UNDER BEECH VEGETATION 
Spruce-fir 
86 
Beech 
Profile Per cent Profile · Per cent 
AlOl 0.013 Bl02 0 . 013 
A201 0.012 B201 0.012 
A203 0.012 B203 0 . 006 
A204 0.015 B204 0.010 
A401 0.015 B403 0.009 
A501 0.029 B501 0.008 
AlOl 0 . 015 B102 0.015 
A201 0 . 014 B201 0 . 016 
A203 0.012 B203 0.015 
A204 0.033 B204 0.015 
A401 0 . 015 B403 0.010 
A501 0 . 013 B501 0.016 
Horizon 
01 
02 
TABLE X 
PER CENT MANGANESE IN LITTER UNDER SPRUCE-FIR 
AND UNDER BEECH VEGETATION 
Spruce-fir 
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Beech 
Profile Per cent Profile Per cent 
Al01 0.03 B102 0.21 
A201 0.06 B201 0 . 14 
A203 0.03 B203 0.19 
A204 0.04 B204 0 . 15 
A401 0.10 B403 0.44 
A501 0.02 B501 0.31 
Al01 0.02 B102 0 . 21 
A201 0 . 01 B201 0.11 
A203 0.04 B203 0 . 15 
A204 0 . 04 B204 0 . 13 
A401 0.02 B403 0 . 26 
A501 0.00 B501 0.28 
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manganese (Table XI) was frequently detected in the A horizons under 
the beech, but none was detected in the A horizons under the spruce-fir. 
Except for 10 ppm. in the B2 horizon of profile A203, no extractable 
manganese other than that given in Table XI was detected in any of the 
profiles. 
Free iron oxides appeared to have been transported from the 
surface horizons under both types of vegetation. The free iron oxide 
distributions are shown graphically in Figure 44 (page 80). 
Texture 
The percentages of sand, silt, and clay are summarized in Figure 
45. Although textures appeared to be slightly finer under spruce-fir 
vegetation, differences were slight, and the distribution of particles 
generally followed similar patterns under both types of vegetation. 
Rock fragments, particles larger than 2.0 mm,, averaged about 15 per cent 
of the dry weight under both types of vegetation although percentages 
ranged from about 70 per cent down to less than 1 per cent. When the 
percentage of rock fragments was high under spruce-fir, the percentage 
was also high in the paired profile under beech. 
Mineralogy 
The percentages obtained by counting 300 grains from the fine 
sand and coarse silt separates from the Al2 and B2 horizons of four 
profiles are given in Tables XII and XIII. The lithic fragments were 
primarily slate and sandstone composed mostly of cemented quartz grains 
Horizon 
01 
02 
All 
A12 
TABLE XI 
EXTRACTABLE MANGANESE IN PROFILES UNDER SPRUCE-FIR 
AND UNDER BEECH VEGETATION 
Spruce-fir 
89 
Beech 
Profile ppm. Profile ppm. 
' 
ASOl 165 B501 1722 
ASOl 0 B501 1514 
A101 0 B102 52 
A201 0 B201 30 
A203 0 B203 0 
A204 0 B204 72 
A401 0 B403 84 
A501 0 B501 106 
A101 0 B102 10 
A201 0 B201 10 
A203 0 B203 0 
A204 0 B204 0 
A401 0 B403 42 
A501 0 B501 10 
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Figure 45. Average percentages of particles in soil separates from 
under spruce-fir and beech vegetation. 
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TABLE XII 
'PERCENTAGE OF MINERALS AND LITHIC FRAGMENTS IN THE FINE SAND 
SEPARATE UNDER SPRUCE-FIR AND UNDER BEECH VEGETATION 
Spruce-fir Beech 
Particle Profile Profile Profile Profile 
type A204 A501 B204 B501 
Al2 B2 Al2 B2 Al2 B2 Al2 B2 
Minerals 
Quartz 65.0 58.0 41.0 32.3 59.7 44.0 64.7 32 .0 
Muscovite 1.7 0.7 1.3 0.3 0.3 2.0 0.3 0.0 
Biotite 2.3 3.3 1.0 0.7 3.3 4.3 1.0 5 . 7 
Orthoclase 17.7 17.3 9.3 14.0 21.3 29.3 6.0 9.7 
Plagioclase 0.0 1.0 0.0 0.0 1.0 1.3 0.0 0.0 
Hornblende+Epidote 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 
Zircon+Rutile 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Opaque 0.0 0.3 1.3 2.0 0.3 1.0 0.7 0.3 
Other 0.7 0.0 0.3 0.0 0.3 0.3 0.3 1.0 
Lithic fragments 
Mostly quartz 8.0 15.0 21.7 19.3 9.3 11.7 14.7 16.3 
Slate 3.3 2.3 20.7 30.0 3.3 4.0 8.3 34.0 
Other 1.3 1.7 3.3 2.3 1.0 2.0 1.3 1.0 
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TABLE XIII 
PERCENTAGE OF MINERALS AND LITHIC FRAGMENTS IN THE COARSE SILT 
SEPATATE UNDER SPRUCE-FIR AND UNDER BEECH VEGETATION 
Spruce-fir Beech 
Particle Profile Profile Profile Profile 
type A204 A501 B204 B501 
Al2 B2 Al2 B2 Al2 B2 Al2 B2 
Minerals 
Quartz 32.7 33.0 59.0 44.0 32.0 27.3 56.0 51.3 
Muscovite 47.3 43.0 28.3 37.0 40 . 7 43.0 28.0 27.3 
Biotite 9.7 13.0 0.3 9.0 13.3 15.0 3.3 12.0 
Orthoclase 6.3 6.3 8.0 4.3 11.7 12.0 5 . 3 3 . 0 
Plagioclase 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0 
Hornblende+Epidote 0 . 0 0.3 0.0 1.0 0.3 0.3 0.0 1.3 
Zircon+Rutile 0.3 0.0 0.0 0.3 0.3 0 . 0 1.0 0 . 3 
Opaque 1.0 1.7 2.3 0.7 1.7 1.0 2.7 1.0 
Other 0.7 0.7 0.3 1.3 0.0 1.0 1.0 0 . 3 
Lithic fragments 1.3 1.7 1.3 2.0 0.0 0 .0 2.7 3 . 0 
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and were more numerous in coarser separates. The predominant minerals 
in both the fine sand and coarse silt separates were quartz, muscovite, 
biotite, and orthoclase, but the relative amounts were different in each 
separate. Quartz and orthoclase were the major minerals in the fine 
sand, but in the coarse silt the majority of minerals were quartz and 
muscovite with an increased biotite content. In general the amount 
of quartz decreased with depth while the amount of biotite increased. 
The mineral composition of adjacent profiles over similar bedrock but 
under contrasting vegetation types was more alike than profiles separated 
by greater distances under similar vegetation where bedrock was different . 
X-ray diffraction of the magnesium-saturated clay-size minerals 
from the same horizon at the same area gave similar patterns under 
both types of vegetation . The pair of profiles, A204 and B204, taken 
at Double Spring Gap showed x-ray diffraction patterns to be slightly 
different than the patterns obtained from the clay of profiles A501 
and B501 from near Newfound Gap. Peak intensities appeared to be 
attenuated by the high content of amorphous material such as iron 
oxides, especially in the samples from the B2 horizons . All clay 
fractions investigated from the Double Spring Gap area showed the same 
major peaks (Figure 46) . Small peaks at about 7 . 2 R. and 3 . 6 R. collapsed 
upon heating and indicated the presence of kaolinite which appeared to 
be more abundant in the Al2 horizons. The sharp peak at about 3.3 R. 
may be due to a combination of a third- order illite peak and a quartz 
peak. A small peak at 4.3 R. was probably due to the presence of some 
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Figure 46 . X-ray diffraction patterns obtained from the clay separate of samples collected 
under spruce-fir (Profile A204) and under beech (Profile B204) vegetation at the 
Double Spring Gap area . 
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quartz. When treated with glycerol, the 10-12 R. peaks as well as the 
peaks at about 5 ~. and 3.4 ~. were broadened and became less distinct 
showing expansion of the lattices (Figure 47). When the clay was 
saturated with potassium the lattices contracted to about 11 ~. Upon 
heating to 500° C. the 2:1 type clay lattices contracted to about 10 ~. 
Possibly the 2:1 type clays were a random interlayered assortment 
intergrading from illite to vermiculite to montmorillonite . Very small 
peaks at 14 ~. and 12 ~. after heating indicated the presence of small 
amounts of chlorite and regular chlorite-illite intergrades. 
X-ray diffraction patterns of clays from respective horizons of 
profiles at the Newfound Gap area were similar under spruce-fir and 
beech vegetation (Figure 48). The principal differences were between 
horizons. Peaks from clays of the Al2 horizons were much sharper than 
the peaks of the B2 horizons where the amount of free iron oxides was 
greater. The 10 ~. illite peaks from the Al2 horizons were sharp and 
asymmetrical toward the low angle side while the 10 ~. peaks of the 
clays from the B2 horizons were small and broadened toward the low angle 
side. Although some difference in the degree of lattice expansion was 
apparent, the clay mineralogy of the soil from the B2 horizon of the 
Newfound Gap area appeared similar to that of the Double Spring Gap area. 
At both places the crystalline clay component was dominated by illite 
with some expanded 2:1 intergrades and kaolinite. 
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Figure 47 . X-ray diffraction patterns obtained by subjecting sample #131 (Profile A204, B2 
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Figure 48 . X-ray diffraction patterns obtained from the clay separate of samples collected 
under spruce-fir (Profile A501) and under beech (Profile B501) vegetation at the 
Newfound Gap area . 
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CHAPTER IV 
DISCUSSION 
I. FACTORS INFLUENCING SOIL FORMATION 
~Bedrock 
• 
Although sharp textural breaks were present in some profiles 
due to pedoturbation from windthrow of trees, trends in textural 
characteristics and mineral composition of the soils taken from 
beneath spruce-fir vegetation over extremely different types of 
clastic bedrock were readily apparent. Profiles over sandstone 
contained about twice the number of sand-sized particles (0.05-2.0 rnrn . ) 
and much less clay than profiles over slate. Due primarily to an 
increase in the number of lithic fragments the amount of sand tended 
to increase as bedrock was approached, especially in the profiles 
over slate . Usually more than twice as many lithic fragments were 
present in profiles over slate than in profiles over sandstone. In 
horizons near the surface the lithic fragments had apparently been 
decomposed by weathering into smaller particles composed of the 
individual minerals . Orthoclase was more abundant in profiles over 
sandstone in the coarse silt as well as the fine sand separates and 
the percentages did not vary considerably within any profile except 
A601 where the number decreased some in the A'2 horizon. Muscovite 
grains were much more numerous in the coarse silt than in the fine 
98 
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sand separate in all profiles, probably as a result of the muscovite 
particles being finer than those of quartz and feldspars in the parent 
material in addition to being more readily cleavable in weathering. In 
most cases the percentages of quartz decreased downward in the profile, 
but the decrease was due mainly to an increase in the number of lithic 
fragments which in many cases were cemented quartz grains. Although no 
great differences were observed in the distributions of quartz, ortho-
clase, and muscovite throughout each profile, biotite which is con-
sidered more susceptable to weathering was considerably more abundant 
near bedrock. Discrepancies in the literature exist concerning the 
relative stability of the four minerals (Pettijohn, 1941; Jackson and 
Sherman, 1953; Brewer, 1964), but generally the minerals that crystallize 
at lower temperatures have been considered more resistant to weathering 
(Bowen, 1922; Goldich, 1938); thus in order of increasing stability the 
minerals would be biqtite, orthoclase, muscovite, and quartz. 
Minerals generally used as index minerals, the more resistant 
zircon, rutile, and tourmaline and the less resistant amphiboles and 
pyroxenes, were absent or present in quantities so small that the 
number of grains counted per sample would have to be increased to more 
than 10,000 before reliable differences could be ascertained. Even 
when 300 grains from each sample were counted, a mineral had to com-
prise about 30 per cent of the particles to give a probably error of 
less than 10 per cent in 80 per cent of the samples (Brewer, 1964). 
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Since compositions of the stratified bedrock were obviously variable 
an increase in the number of grains counted would probably have been of 
no more value than the information obtained from 300 grains. 
In most cases the majority of clay minerals appeared to be 
illite with some lattice expansion placing the soils in weathering 
stages 7 and 8 of Jackson et ~· (1952). Some kaolinite, weathering 
stage 10, was also present and appeared to be more abundant in horizons 
near the surface and in profiles over sandstone where feldspars were 
more abundant. 
Besides mineralogical and textural differences, some differences 
in chemistry were also observed. Near the surface the percentages of 
carbon and nitrogen were greater in the profiles over slate than in 
comparable profiles over sandstone. In a similar study involving 
different types of parent material in California, greater amounts of 
nitrogen were also found in finer textured soils (Harradine and Jenny, 
1958). The differences were attributed to linkages between the nitro-
geneous humus substances and the Al- and Fe-bonds of the finer particles. 
Ratios of carbon to nitrogen (Figures 7 and 8) revealed different 
patterns. C/N ratios in profile A602 with no illuvial iron-humus 
horizon decreased as bedrock was approached; however, the profiles over 
sandstone and to a smaller extent in profile A601 showed an increase in 
the C/N ratios beneath the eluvial horizons. This departure from the 
more typical gradual decrease downward might possible have been caused 
by differential rates of movement of the humic substances resulting in 
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concentration in some horizons of the less nitrogenous fulvic acid 
responsible for translocating iron and forming insoluble products with 
sesquioxides when a pH greater than five is reached in the illuvial 
zone (Kononova, 1961; Bunting, 1965). The absence of large downward 
increases in C/N ratios in soils over slate indicated that the rate of 
translocation of iron and humus was slower in the finer textured soil. 
Free iron oxides were usually present in greater amounts in 
profiles over slate which when fresh contained 2.5 per cent to approxi-
mately 10 per cent finely divided iron sulfides that had been leached 
from exposed outcrops (Hadley and Goldsmith, 1963). Eluviation and 
illuviation of iron were apparent in all profiles, but the most thorough 
depletion of iron was evident in coarse textured A horizons in less 
disturbed profiles over sandstone. The distinct decrease in the amount 
of free iron oxides at a depth of about eight to ten inches in profile 
A601 occurred in the previously leached and buried A'2 horizon, and 
perhaps the decrease at a similar depth in nearby profile A602 repre-
sented the burial of a less leached A horizon that had not developed 
any prominent gray color. 
Judging from the distribution of exchangeable aluminum, eluviation 
and illuviation of aluminum had occurred in the less disturbed profiles 
over both types of bedrock. The distribution of exchangeable aluminum 
was at least partially responsible for profiles A601 and A701 having 
lower pH values in the illuvial horizons that in the horizons immediately 
above or below (Figures 13 and 14) . Where organic matter had accumulated, 
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a larger amount of the exchange acidity was due to exchangeable hydrogen 
as suggested by Rennie (1966). Where clays were more abundant a greater 
percentage of the exchange acidity was due to exchangeable aluminum, 
apparently from the release of aluminum in octahedral positions in the 
clay minerals at low pH values (Jackson, 1964). 
Although the concentration of extractable bases was slightly 
higher in the finer textured profiles over slate, most of the cation 
exchange capacity was due to the presence of organic matter. More 
extractable bases were found and the per cent base saturation was also 
higher in the horizons where organic matter was present in greater amounts. 
In the calculation of per cent base saturation, extractable bases were 
used instead of exchangeable bases. In soils with low base contents in 
humid regions, almost all of the bases extracted would be due to 
exchangeable bases. Few bases would remain in solution in the highly 
leached soil. 
Vegetation 
Where profiles from under spruce-fir vegetation were compared 
with profiles from under beech, the differences in soils beneath the 
contrasting forest types appeared to be the result of the nature of 
the vegetation expressed primarily through dissimilar litter composi-
tions. Beech leaves generally contained almost twice as much calcium 
as leaves of spruce and fir, resulting in less acid litter in which 
decay was more rapid (Shanks and Olson, 1961). Decay of spruce-fir 
litter, besides being slower due to fewer bases making the pH less 
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favorable for most microorganisms (Witkamp, 1963; Jenkinson, 1965), may 
have also been reduced somewhat by poor aeration and the presence of 
tannins, resins, waxes, etc., produced by the conifers (Lutz and Chandler, 
1965; Basaraba and Starkey, 1966). The difference in decay rates has 
resulted in the formation of matted layers of peat and muck ranging from 
two to about six inches in thickness under spruce-fir while the beech 
produced loose litter that rarely persisted for more than one year. 
The diverse nature of the litter produced by the two types of 
vegetation also influenced chemical properties of the mineral soil. 
Wider C/N ratios were found throughout the profiles under the slower 
decaying spruce-fir litter, and probably the slower rate of decay 
accounted for the organic matter being present in greater abundance to 
greater depths in profiles under spruce-fir vegetation. 
Cation exchange capacity was greater in profiles under spruce-fir 
vegetation where organic matter was more abundant, but the profiles 
under beech contained slightly more exchangeable bases resulting in the 
per cent base saturation being somewhat greater in soils beneath the 
beech. With the per cent base saturation consistently low, the exchange 
sites were mostly occupied by exchangeable aluminum and hydrogen. The 
sum of exchangeable bases plus exchange acidity did not equal the cation 
exchange capacity--a discrepancy that is common because different tech-
niques yield different values for the factors concerned (Black, 1957; 
McLean et al., 1964). Yet the analyses did indicate that a large amount 
of exchangeable aluminum was present in the mineral soil. The ratio of 
exchangeable aluminum to exchangeable hydrogen increased with depth. 
The concentration of exchangeable hydrogen as well as the percentage 
of bases were greater in horizons containing larger amounts of humus 
which is characterized by carboxyl, phenolic, and other acid-forming 
radicals (Broadbent and Bradford, 1952; Kononova, 1961). 
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Undoubtedly other exchangeable cations were present, but an assay 
of only manganese was attempted. Extractable manganese was more abundant 
in A horizons beneath the beech vegetation where greater total amounts 
were present in the litter. Although no analysis of exchangeable iron 
was made, the amounts of free iron oxides ranged from about 2 to 5 
per cent under both types of vegetation. Iron, presumably chelated 
with humic substances such as fulvic acid (Atkinson and Wright, 1957; 
Stobbe and Wright, 1959; Bloomfield, 1965; Schnitzer and Skinner, 1966), 
appeared to have been transported to greater depths in profiles under 
spruce-fir vegetation. 
Chemical data, where applicable, agreed closely with other data 
for Great Smoky Mountain soils given by Cain (1931), Mark (1958), 
McGinnis (1958), and McCracken~ .e.!.· (1962). The major difference 
was in exchange acidity values which may be explained because results 
obtained by the triethanolamine-barium chloride buffer method used by 
McCracken et al. were found by McLean ~ al· (1964) to be four to six 
times greater than results obtained by extraction with 1.0 N KCL 
followed by titration of the leachate. 
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Very small textural or mineralog i cal differences were noted \·lhen 
profiles under spruce-fir vegetation were compared with profiles of 
adjacent beech stands, indicating that the sharp boundaries between 
the two forest types were not caused by any considerable change in 
bedrock composition. In a few horizons the amount of some mineral 
or a certain size separate was somewhat different than in neighboring 
horizons, but the differences were probably partly due to sampling and 
analytical errors as well as to the varied composition of the stratified 
bedrock and pedoturbation by windthrow and creep . Data show B horizons 
beneath the beech to be slightly coarser textured, but information 
obtained was the result of mechanical analyses of two pairs of profiles. 
Judging be feel, textures of B horizons were not consistantly coarser 
beneath the beech. However, textures became coarser in the B3 horizons 
beneath both types of vegetation. 
The modal profile descriptions were made from 18 profiles 
under spruce-fir and 17 profiles under beech vegetation, and except 
for amounts of litter and pH values, some profiles under one type 
of vegetation were much like those of the contrasting type. Depth 
to bedrock (Table XIV) averaged slightly more beneath the beech, but 
the averages could have been made almost equal by excluding one specific 
profile under each type of vegetation. The average depth of the profiles 
studied was about 23 inches although depths of individual profiles 
ranged from nine to fifty inches. 
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TABLE XIV 
A COMPARISON OF SOIL DEPTHS IN INCHES ON SOUTH FACING AND OTHER SLOPES 
BENEATH SPRUCE-FIR AND BEECH VEGETATION 
SEruce-fir Beech 
South Other South Other 
15 14 25 18 
30 33 14 16 
11 25 25 23 
23 23 27 23 
23 23 23 17 
9 21 24 32.5 
33 15 34 26 
33 30 50 21 
32 18 23 
Average 23.22 22.44 27.75 22.15 
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Roots were near the soil surface beneath both types of vegetation, 
but roots usually extended deeper into the soil under beech than under 
spruce-fir vegetation. Roots in the spruce-fir stands were usually 
concentrated in the organic horizons, especially in the thicker layers 
of muck. 
Earthworms, millipedes, and other invertebrates, while not 
entirely absent in soils under spruce-fir vegetation, were much more 
abundant in soils beneath the beech where they were mostly confined 
to the All horizons. 
Other 
No intensive systematic study of factors of soil formation 
other than vegetation and bedrock was attempted because the time required 
to make the additional analyses was prohibitive. However, some considera-
tion was given to the modifying influences of climate, topography, and 
time. 
Climate. Although no extensive weather records have been kept 
for any prolonged time, Shanks (1954b) has shown in a five-year study 
(1946-1950) in the Great Smoky Mountains that temperature decreased 
and precipitation increased from Park Headquarters near Gatlinburg to 
Clingman's Dome. Within the spruce-fir zone mean annual temperatures 
were 48.4° F . and 45.8° F. at 5000 and 6300 feet respectively, and the 
average annual precipitation was 89.0 inches at 5000 feet and 90.9 inches 
at 6300 feet . With the exception of the Cosby Knob area at 4900 feet, 
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the study areas were between 5000 and 6300 feet. Thus elevation 
appeared to account for maximum annual differences of about 3° F. and 
two inches of precipitation, but greater temperature variations than 
this may be accounted for by aspect and vegetation. Shanks (1956), 
when comparing temperatures at six-inch depths under beech and under 
0 
spruce-fir vegetation, found temperatures to be as much as 5 F . 
greater beneath beech when absence of foliage allowed direct sunlight 
on the soil surface. The effect of this difference in temperature may 
possibly be indicated by a comparison of soil depths beneath the con-
trasting vegetation types of the various slope aspects (Table XIV). 
Soil depths beneath the evergreen spruce-fir were essentially the same 
on south facing slopes as elsewhere, but soil profiles of south facing 
slopes beneath beech averaged over five inches deeper while on other 
slopes the depths were essentially the same as under spruce-fir. 
Topography . Besides slope aspect, slope angle has had a role in 
determining soil depth. Although data were insufficient to form any 
significant conclusions, the average depth was less on slopes of 9-15° 
than on slopes less than 9° near the crests or greater than 15° farther 
down the slopes . Apparently soil had been removed by creep from the 
slopes of 9-15° near the crest and had been deposited farther down the 
slope, and not as much soil had been transported from the dome-shaped 
crests with slight slopes . Similar behavior was inferred by Bunting 
(1965) from data presented by Young (1960) and others. 
- -------------------------------------------------.. 
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Apparently the slope relationship has also affected development 
of eluvial and illuvial horizons. Bleached A2 horizons were found 
over B2h and B2ir horizons only at or near crests . Probably trans-
portation of material occurred in profiles on the slopes, but the 
development of eluvial horizons was prevented by addition of material 
from farther up the slope. Leaching of bases downslope was indicated 
by Cain (1931) who found that the pH of the soil decreased with in-
creasing elevation, but difference in vegetation also accounted for 
part of the difference in pH which he observed. 
Time . The time that the soil had been forming was unknown , 
King (1964) concluded from boulder fields with mature forests and soil 
profiles accumulated farther down the slopes that the high peaks were 
above timberline and barren in the Wisconsin glacial substage of the 
Pleistocene epoch. Thus any soil present would have a maximum age of 
about 10,000 to 15,000 years. However, the vast majority of soils of 
the spruce-fir zone have undoubtedly not reached the degree of maturity 
possible during this time because of the retarding effect of faunal- and 
gravipedoturbation (Hole, 1961) . 
Perhaps the amount of organic matter present underneath the spruce-
fir vegetation might be useful to give a reliable comparison of time 
that the soil forming processes have been in effect under spruce-fir in 
various areas as reported by McFee and Stone (1965) . If so, the spruce-
fir forests of the Mt . Mingus, Mt. Collins, Spruce Mountain, Cosby Knob, 
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and Newfound Gap areas with organic (0) horizons averaging more than 
three inches thick would be older than the spruce-fir forests at the 
Mt. Kephart and Double Spring Gap areas where no profile taken had an 
0 horizon with a thickness of more than three inches. The presence of 
stumps at the Mt. Kephart area showed that the spruce-fir forest had 
been disturbed and perhaps the organic matter had been removed during 
the logging operation or as a consequence of higher insolation and 
higher temperatures and more effective weathering by rain impact after 
opening of the stand during logging. Also the average topsoil depth 
(A plus AB horizon thickness) at the Mt. Kephart area was 7-1/2 inches 
and near the topsoil depths for the other areas except the one near 
Double Spring Gap where the depth to which the organic matter had been 
transported in the mineral soil averaged only 3-1/2 inches. The smaller 
amount of organic matter under the spruce-fir at Double Spring Gap 
suggested that the spruce and fir had more recently inhabited the area. 
Downward migration of spruce and fir has been suggested by Whittaker 
(1956), Mark (1958), and Scofield (1960) and others who said that the 
spruce and fir were restricted to peaks above 5600-5800 feet during a 
post-Wisconsin xerothermal or hypsithermal period when temperatures 
were 2-3° C. warmer than present (Flint, 1957; Bowen, 1966). Later the 
climate became cooler and the spruce-fir forest encroached into the 
hardwood forest at lower elevations. Thus spruce-fir forests were 
established above 4500 feet to the east of Double Spring Gap where an 
extensive beech forest restricted movement of the spruce and fir to higher 
peaks to the west . 
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J: II. CLASSIFICATION OF SOILS 
Inceptisols 
Soil surveys of the counties containing parts of the Great Smoky 
Mountains have not mapped the soil of the area in great detail although 
local variations were suggested. McCracken~~· (1962), recognizing 
the soils at the higher elevations were somewhat different than mapped, 
called the soils beneath beech and spruce-fir vegetation Sols Bruns 
Acides. They also stated that the soils previously placed in the 
Ramsey series (Perkins and Gettys, 1947) had a browner color and thicker 
surface organic layers than the official U. S. D. A. description; thus 
they referred to the soils as "Ramsey-like . " Soils with a greater 
amount of organic matter have been called Burton, but the Sols Bruns 
Acides in the Great Smoky Mountains did not seem to have an A horizon 
that was thick enough to be called Burton. Some of the soils of the 
Great Smoky Mountains have also been placed in the Porters-Ashe associa-
tion, and except for the absence of gneissic bedrocks the soils of this 
study were similar to the official description for the Ashe series . 
Perhaps the composition of the feldspathic sandstones, slates, and 
schists of the Great Smoky group was close enough to that of gneisses 
and schists that Ashe-like soils were formed. Farther north in similar 
circumstances in the Appalachians, soils have been called DeKalb, but 
the DeKalb soils had a lighter colored A2 horizon and were thicker than 
most soils investigated in the Great Smoky Mountains. 
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According to the soil classification system presented in the 
Soil Conservation Service's Seventh Approximation (Soil Survey Staff, 
1960, 1964) the soils without development of eluvial and illuvial 
horizons would be called Inceptisols and classified as follows: 
Spodosols 
Great Group: Dystrochrepts (3.44) 
Subgroup: Umbric Dystrochrepts (3.44-3.3) 
Family: fine loamy, mixed, mesic, permeable. 
Podzols have certainly been associated with spruce-fir forests 
elsewhere, but records and descriptions of Podzols have been meager 
beneath spruce-fir vegetation in the Great Smoky Mountains. Cain 
(1931) said soils of spruce-fir forests in the Smokies showed a 
"decided podsolization" but no profile was described; however, he (1930b) 
along with McCracken et al. (1962) did describe Podzol profiles of heath 
balds associated with spruce fir. Coile (1938) recognized Podzols in 
the Southern Appalachians and described a profile on Tennessee Bald in 
the vicinity of the Great Smoky Mountains. Oosting and Billings (1951) 
described podzolic soils in the Great Smoky Mountains, but the soils 
lacked the ashy layer found in the Appalachians farther north and were 
apparently similar to the previously described Inceptisols. 
The investigators cited above gave no series name to the Podzols, 
and soil surveys in the Great Smoky Mountains did not mention the 
presence of true Podzols. The Leetonia series has been frequently reported 
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farther north in the Appalachians (Soil Survey Staff, 1938; Wilson, 1958; 
Robinson et al., 1961), and except for a slightly finer texture the soils 
with eluvial (A2) and illuvial (B2h and B2ir) horizons under spruce-fir 
vegetation appeared similar. 
According to the Seventh Approximation (Soil Survey Staff, 1960, 
1964) Podzols having albic (ashy gray A2) and spodic (illuvial humus 
and iron) horizons would be called Spodosols and classified as follows: 
Great Group: Normorthods (6 . 33) 
Subgroup: Entic Normorthods (6.33-1) 
Family : coarse loamy, mixed, mesic, permeable, thin. 
III. COMPARISON WITH OTHER SOILS 
Spodosols or Podzols have been reported widely in regions of 
cool, moist climates under conifer and heath vegetation throughout 
Europe, Asia, and North America and over highly siliceous parent 
material elsewhere (Carter and Pendleton, 1956). In North America 
Podzols have been studied by several pedologists in the United States 
and Canada (Stobbe and Wright, 1959; Muir, 1961). 
Data obtained from Spodosols in the Great Smoky Mountains were 
generally in agreement with data for Spodosols of other areas. In 
general the formation of albic and spodic horizons was more rapid and 
the horizons and profiles were thicker in sola derived from coarser 
textured parent material (Gardner and Whiteside, 1952) . According to 
the Seventh Approximation, Spodosols did not form if the clay contentwas 
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as high as 30 per cent until significant eluviation had occurred (Soil 
Survey Staff, 1960). Of the clay minerals, 2:1 layer silicates, 
especially illite, with some kaolinite have been widely reported in 
Podzols (Jackson~ al., 1948; Winters and Simonson, 1951; Cline, 1953; 
Tedrow, 1954; Franzmeier ~ ~., 1963; Bunting, 1965). Fine sand 
mineralogy data obtained from Spodosols in the Great Smoky Mountains 
agreed closely with data for Blue Lake sand in Michigan where the 
particles were about 80 per cent quartz and 15 per cent feldspars 
showing no evidence of weathering (Franzmeier et al., 1963). 
In a study of a chronosequence of Podzols in Michigan, 
Franzmeier and Whiteside (1963a, 1963b) and Franzmeier et al., (1963) 
described a Kalkaska sand profile that resembled profile A701 and 
two bisequa Blue Lake sand profiles that showed a similarity to 
profile A601 . Bisequa profiles appearing to have been a combination 
of a Podzol profile over a Gray Wooded or Gray-Brown Podzolic profile 
have been reported at the southern boundary of the Podzol region in 
the United States (Gardner and Whiteside, 1952; Lyford, 1952; Cline, 
1953) . Although profile A601 had an albic horizon below as well as 
above a spodic horizon, the lower albic horizon had a lower chroma and 
more abrupt textural changes that the lower albic (A'2) horizon of the 
Blue Lake sand and appeared to have resulted from the covering of an 
A2 horizon by soil from the roots of an overturned tree. Whatever its 
origin, profile A601 must have been extremely old for an eluvial-illuvial 
sequence to have developed from the fine-grained parent material from 
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slate. The ages of the Kalkaska sand and the Blue Lake sand were 8,000 
and 10,000 years respectively, but these ages need not necessarily apply 
to profiles A701 and A601 because conditions of formation were different. 
Aside from a possible climatic and vegetational difference, the calcareous 
sandy or stony glacial till in Mic~igan was unmistakably different than 
the well-consolidated, siliceous rocks of the Great Smoky group. Less-
consolidated, coarse parent material would allow more rapid podzoliza-
tion, but, on the other hand, calcareous parent material would impede 
Spodosol development . 
A region of highly acid brown soils has been associated with the 
Podzol regions of North America and Eurasia (Tavernier and Smith, 1957). 
The brown soils, representing a zone in which the podzolization processes 
have not been as intense as in the Podzol region, has been widely reported 
around the periphery of the boreal forests. In the Arctic where a com-
bination of low rainfall and a long period each year when soils were 
frozen had greatly reduced the rate of the podzolization processes, 
brown soils have been reported on well drained slopes (Tedrow and Hill, 
1955; Drew and Tedrow, 1957; Tedrow~ al., 1958). To the south or at 
lower elevations in the transition zone between the boreal forests and 
hardwoods, the brown soils have been known by several names (Lyford, 
1946; Cline, 1949; Frei and Cline, 1949), but many have been placed in 
the Sols BrunsAcides great soil group, an Inceptisol (Baur and Lyford, 
1957; Tavernier and Smith, 1957) . In the Sols Bruns Acides were included 
highly acid soils with a low base status showing little or no evidence 
of eluviation and illuviation. 
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Sols Bruns Acides, besides being widely distributed in the 
Hemlock-Hardwood Association in the northern United States and southern 
Canada (Tavernier and Smith, 1957), have been reported southward in 
the Appalachian Mountains to Tennessee and North Carolina 0Nilson, 1958; 
Robinson~~., 1961; Shankar, 1960; McCracken~ al., 1962). Sols 
Bruns Acides have also been reported in association with Podzols in 
the Rocky Mountains (Johnson and Cline, 1965) and in the humid, 
forested areas of the Coast and Cascade Ranges (Ulrich~ sl., 1959; 
Knox~ Al., 1965). 
IV . CONSEQUENCE FOR RELATED STUDIES 
Although this study was primarily limited to an intensive investi-
gation of the characteristics of a few soils, hopefully it may have 
broader implications that may be useful in related studies. The Great 
Smoky Mountains National Park, the site of this investigation, has 
been widely recognized as an outdoor laboratory. Because of the presence 
of a great variety of natural habitats under protection of the Park 
Service, a large amount of consideration has been given to the vegetation 
and natural history of the area. Yet many problems remain unsolved, e.g., 
origin and maintenance of the grass and heath balds, the migration and 
interactions of certain species, etc . 
Soil is in part a product of vegetation and often is a vault, 
collecting and preserving valuable clues to past events. During this 
investigation differences in the amount and distribution of organic 
.--- -----------------------------------~~----~~ 
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matter were noted. The amount of litter accumulated depends upon the 
amount added, the decay rate of the litter, and the time that the litter 
has been subjected to decay. By knowing two of the factors the third 
may be calculated (Jenny~~ . , 1949; Olson, 1963). Perhaps sampling 
of litter on a wider scale might give or deny support to the conclusion 
of Whittaker (1956) and others that spruce-fir forests were formerly 
confined to higher peaks and have become extended recently to lower 
elevations. The distribution of organic matter along with iron, 
aluminum, sulfur, and phosphorus in the mineral soil may also be useful 
in such a study (Walker, 1965) . 
Soils at the higher elevations in the Great Smoky Mountains have 
been shown to contain few exchangeable bases except in horizons where 
organic matter had accumulated. Knowledge concerning nutrient distri-
bution may be valuable from the .standpoint of management of similar 
areas. As indicated most of the available nutrients was present in 
horizons where organic matter was most abundant. The consequence of 
removal and destruction of the organic matter is obvious since more than 
a few years would be necessary for enough mineral weathering to occur to 
replace the nutrients now available. Although soils under spruce-fir 
vegetation apparently contain larger amounts of nutrients than the soils 
beneath beech, larger amounts of exchangeable aluminum are also present 
in soils beneath spruce-fir making aluminum toxicity a factor worthy of 
consideration. 
Knowledge concerning nutrient availability in the soil may be 
useful in mineral cycling studies when combined with data available 
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for standing crop and annual litter contributions (Shanks~ !1·, 1961; 
Shanks and Clebsch, 1962 ) and for productivity (Whittaker, 1962, 1965, 
1966). Data from the present investigation with some similar data by 
McGinnis (1958) and McCracken ~ ~· (1962) may be combined with bulk 
density values by McGinnis (1958) and Ritchie (1962) to estimate total 
amounts of organic matter and nutrients in the soil . Bulk density data 
by McGinnis and Ritchie are given in Table XV. McGinnis's data are for 
south facing slopes; Ritchie's are for both north and south facing 
slopes. McGinnis collected by horizon. Ritchie collected by inch and 
one-half intervals down to four and one-half inches, and perhaps all 
of his data for mineral soil are from the Al horizon. 
The present investigation hopefully may encourage similar investi-
gations dealing with the factors of bedrock and vegetation . A study of 
the other factors of soil formation, climate, topography, and time 
appears possible and could yield valuable information for pedologists. 
However, when examining one factor, care must be exercised to minimize 
or account for interrelationships with the other factors. 
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TABLE XV 
BULK DENSITY VALUES REPORTED BY MCGINNIS AND RITCHIE 
McGinnis Ritchie 
Horizon Spruce-fir Beech _Spruce-fiE__ Beech 
North South North South 
L 0 . 12 0 . 01 0 .04 0.04 0 . 03 0.03 
F 0 . 16 0.01 0.12 0 . 12 0 . 09 0 . 08 
H 0 . 17 0 . 18 
H (upper ) 0 . 21 
H (lower) 0 . 29 
Al 0 . 82 0 . 87 
A-B 1.14 1.18 
B 1.26 1.17 
1-1.5 inches 0.45 0.69 0 . 40 0 . 45 
1.5-3 inches 0 . 49 0 . 78 0.56 0 . 56 
3-4.5 inches 0.64 0 . 83 0 . 66 0.78 
CHAPTER V 
CONCLUSIONS 
The majority of forest soils at higher elevations in the Great 
Smoky Mountains were Inceptisols (Sols Bruns Acides) belonging to the 
Umbric Dystrochrept subgroup. Scattered profiles of Spodosols 
(Podzols) belonging to the Entic Normorthod subgroup were also present 
but seemed to be restricted to crests of higher domes or peaks under 
spruce-fir vegetation. 
Soil profiles selected in spruce-fir and compared with profiles 
of adjacent beech stands showed very similar mineralogical and textural 
compositions, indicating that bedrock differences were not responsible 
for the sudden changes in vegetation but that the vegetation was 
responsible for the difference in chemical characteristics of the 
soils . The chief influence of vegetation appeared to be related to 
the nature of the litter. Although base-forming cations were not as 
abundant in beech leaves as in leaves of some other deciduous species, 
the litter produced by the beech was less acid, contained slightly more 
bases, and formed looser, less persistant 1 { . h ayers OJ organ~c matter t an 
did the spruce-fir litter. 
Abundant rainfall, in conjunction with base-deficient litter, 
has resulted in production of highly acid soils with low base saturation 
under both types of vegetation . The bases available were restricted 
primarily to the humus rich surface horizons to which tree roots were 
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almost exclusively limited . Windthrow of the shallow-rooted trees was 
common and in many instances appeared to be the major factor in main-
taining the soil in a relatively immature stage. In areas where no 
recent disturbance was apparent, no evidence of translocation of clay 
was apparent . Judging from the scarcity of clay in horizons near 
bedrock, some clay formation had occurred in the A and B horizons 
although an abundance of feldspars and micas were present with quartz 
in the coar se silt and fine sand separates . Slightly expanded 2:1 layer 
silicates, derived from the micas which were common in the parent 
material, dominated the crystalline clay size minerals and appeared 
to be chiefly illite intergrading toward vermiculite. Smaller amounts 
of kaolinite were present and appeared to be more abundant in soils 
derived from feldspathic sandstone than from slate . 
Cheluvi ation of iron, and perhaps aluminum and other cations, 
was apparent to a much greater degree under spruce-fir than under beech 
vegetation . Various stages of translocation of iron and humus were 
present under spruce-fir. In the area near Double Spring Gap where 
0 and A horizons under spruce-fir vegetation were thin, indicating 
that the site had not been under the influence of spruce-fir vegetation 
for as long as at some of the other sites, humus was present only in the 
upper two inches of soil except where black streaks extended down 
between the peds to a depth of about six inches. In other areas the 
material between the brown peds had become dark with humus with the 
b l ack gradually fading into brown at about six or seven inches . 
122 
Apparently the humus chelated the iron and gradually the iron was 
depleted near the surface. After the iron was depleted, humus was no 
longer held in the surface horizon which acquired a bleached appearance. 
At first the bleached soil appeared as lenses within the Al horizon . 
Gradually the lenses coalesced forming a bleached A2 horizon penetrated 
by black streaks of organic matter extending from a thin iron-depleted 
Al into an iron-enriched B2hir horizon . Finally a Spodosol was formed 
with an albic (A2) horizon over a spodic horizon composed of a humus 
enriched (B2h) horizon merging into an iron enriched (B2ir) horizon. 
Spodosols were rare even on crests at higher elevations because 
of the relatively frequent uprooting of the shallow-rooted trees by 
wind. On the slopes development of albic horizons was prevented by 
lateral transportation of iron oxides from above in addition to mixing 
of soil by windthrow and creep. Spodosol development was apparently 
more rapid in coarse textured soils derived from sandstone than in fine 
textured soils from slate . 
No albic or spodic horizons were observed in soils under beech 
stands. Perhaps because of the difference in composition, the more acid 
spruce-fir litter produced an environment that was not favorable to most 
soil microflora and fauna. Consequently a humus mat was formed under 
which a reducing environment was created and iron, chelated with humic 
substances, became more mobile under spruce-fir vegetation. Under beech 
the loose litter allowed better aeration, and humic substances were subject 
to more rapid decay . 
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APPENDICES 
APPENDIX A 
PROFILE DESCRIPTIONS 
Profile AlOl (Samples 1-9) 
Location: First gap south of Spruce Mountain horse shelter between 
Chiltoes Mountain and Cataloochee Balsam. About ten feet west 
of trail. 
Vegetation: Spruce-fir; more fir than spruce with some yellow birch 
and mountain maple. Some spruce with a D. B. H. of about 2.5 
feet. Slight windthrow. Most of ground covered by Oxalis. 
1 160. 2 0 S ope: , azimuth 2 5 . 
Collected: August 12, 1965. 
01 5-1/4 to 2-3/4 inches; partially decomposed needles and twigs; 
some fine roots; abrupt, wavy boundary. Sample #1. 
02 2-3/4 to 0 inch; black (5YR 2/1) greasy muck; many fine roots, 
some up to 1/2 inch in diameter; abrupt smooth boundary. 
Sample #2 . 
All 0 to 1/2 inch; black (5YR 2/1, moist) to dark gray (5YR 4/1, dry) 
loam; weak medium granular structure; friable; many small roots; 
abrupt irregular boundary. Sample #3. 
Al2 1/2 to 4 inches; black (lOYR 2/1, moist) to gray (lOYR 5/1, dry) 
loam; moderate medium subangular blocky structure; some quartz 
grains visible; roots common, some up to 3/4 inches in diameter. 
Sample #4. 
A3 4 to 5 inches; very dark gray (lOYR 3/1, moist) to dark gray 
(lOYR 4/1, dry) loam; weak fine subangular blocky structure; 
firm . Sample #5. 
Bl 5 to 6 inches; very dark grayish brown (lOYR 3/2, moist) to brown 
(7.5YR 5/2, dry) loam, some streaking of very dark gray from 
above; moderate medium subangular blocky structure; irregular 
boundary. Sample #6. 
B2 6 to 9 inches; dark brown (7.5YR 3/2, moist) to brown (7.5YR 5/2, 
dry) loam; weak medium subangular blocky structure; some roots. 
Sample 4f7 . 
B3 9 to 15 inches; dark yellowish brown (lOYR 3/4, moist) to light 
brownish gray (lOYR 6/2, dry) sandy loam; common light brownish 
gray (2.5Y 6/2) mottles of decomposing rocks; irregular boundary. 
Sample #8. 
R 15+ inches; fine- to coarse-grained, thin- to thick-bedded slightly 
metamorphosed, feldspathic sandstone. Sample #9. 
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Profile Al02 (Samples 10-18) 
Location: First gap south of Spruce Mountain horse shelter between 
Chiltoes Mountain and Cataloochee Balsam, about 50 feet 
northwest of profile AlOl 
Vegetation: Spruce-fir, more fir than spruce with some yellow birch 
and mountain maple; some witch hobble and Oxalis. 
Slope: 16°; azimuth 285°, 
Collected: August 19, 1965. 
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01 3 to 1-1/2 inches; mostly needles and twigs of fir and spruce; 
some fine Oxalis roots. Sample #10. 
02 1-l/2 to 0 inch; black (5YR 2/l) greasy muck; many fine roots, 
some up to 1/2 inch in diameter; abrupt wavy boundary. 
Sample #ll. 
All 0 to l inch; black (5YR 2/1, moist) to very dark gray (lOYR 3/1, 
dry) loam; weak medium granular structure; friable; many small 
roots; abrupt irregular boundary. Sample #12. 
Al2 1 to 3 inches; black (lOYR 2/1, moist) to very dark gray (lOYR 3/1, 
dry) loam; weak fine granular structure. Sample #13 . 
A3 3 to 5-3/4 inches; very dark grayish brown (lOYR 3/2, moist) to 
grayish brown (lOYR 5/2, dry) loam with tongues of black from 
above; weak fine granular structure; few fine roots. Sample #14. 
Bl 5-3/4 to 8-1/2 inches; dark brown (lOYR 3/3, moist) to brown 
(lOYR 5/3, dry) loam with tongues of dark grayish brown from 
above; fine subangular blocky structure; some weathering rock 
fragments. Sample #15. 
B2 8-l/2 to 12-l/2 inches; dark brown (lOYR 3/3, moist) to brown 
(lOYR 5/3, dry) loam; fine subangular blocky structure; some 
small roots; some weathering rock fragments. Sample #16. 
B3 12-1/2 to 23 inches; dark yellowish brown (lOYR 3/4, moist) to 
brown (10YR 5/3, dry) sandy loam; some mottles of pale yellow 
(2 . 5 Y 8/3) disintegrating rocks; weak subangular blocky 
structure; several small roots. Sample #17. 
R 23+ inches; fine- to coarse-grained, thin- to thick-bedded, 
slightly metamorphosed sandstone. Sample #18. 
----···---------------------. 
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Profile Al03 (Samples 19-26) 
Location: First gap south of Spruce Mountain horse shelter between 
Chiltoes Mountain and Cataloochee Balsam. About 40 feet south-
east of AlOl and about 20 feet south of trail. 
Vegetation: Spruce-fir, more fir than spruce with some yellow birch 
and mountain maple; witch hobble common. 
Collected: August 19, 1965. 
01 5 to 2-1/2 inches; fir and spruce needles and twigs; several 
fine roots. Sample #19. 
02 2-1/2 to 0 inch; black (lOYR 2/1) greasy muck; many fine roots, 
some up to 1/2 inch in diameter; abrupt wavy boundary. 
Sample #20. 
All 0 to 1 inch; black (SYR 2/1, moist) to dark gray (lOYR 4/1, dry) 
loam; weak coarse granular structure; several fine roots; some 
gravels up to 2 inches; abrupt wavy boundary. Sample #21. 
Al2 1 to 6 inches; black (lOYR 2/1, moist) to dark gray (lOYR 4/1, 
dry) channery loam; weak medium subangular blocky structure; 
gradual wavy boundary. Sample #22. 
AB 6 to 10 inches; very dark grayish brown (lOYR 3/2, moist) to 
dark gray (10YR 4/1, dry) loam tonguing into dark brown 
(lOYR 3/3); weak fine subangular blocky structure; about 50 
per cent channery; abrupt irregular boundary. Sample #23 . 
B2 10 to 25 inches; dark brown (lOYR 3/3, moist to brown (lOYR 4/3, 
dry) loam; weak fine subangular block structure; few small 
rocks; abrupt wavy boundary. Sample 4t24. 
B3 25 to 30 inches; brown (lOYR 4/3, moist) to pale brown (lOYR 6/3, 
dry) sandy loam; weak fine subangular blocky structure; some 
channery; no roots . Sample #25. 
R 30+ inches; fine- to coarse-grained, thin- to thick-bedded, 
metamorphosed sandstone with thin beds of schist. Sample #26 . 
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Profile Al04 (Samples 27-33 
Location: First gap south of Spruce Mountain horse shelter between 
Chiltoes Mountain and Cataloochee Balsam. About 20 feet from 
trail and 300 yards southwest of AlOl. Near crest in gap. 
Vegetation: Spruce-fir, more fir than spruce with some yellow birch 
and mountain maple; some witch hobble and Oxalis. Windthrow 
moderate but not recent. 
Slope: 
Collected: August 19, 1965. 
01 2 to 1 inch; fir and spruce litter, many fine Oxalis roots. 
Sample #27. 
02 1 to 0 inch; black (lOYR 2/1) muck; abrupt wavy boundary. 
Sample #28. 
Al 0 to 2 inches; black (SYR 2/1, moist) to dark gray (lOYR 4/1, 
dry) channery loam; weak coarse granular structure; roots 
up to 1/2 inch in diameter; about 30 per cent channery; abrupt 
irregular boundary. Sample #29. 
A2 2 to 3-1/2 inches; dark gray (lOYR 4/1, moist) to gray (10YR 6/1, 
dry) sandy loam, with tongues of black (lOYR 2/1) extending 
down into horizon below; weak coarse granular structure; no 
roots. Sample #30. 
B2 3-1/2 to 10 inches; very dark grayish brown (lOYR 3/2, moist) to 
dark grayish brown (lOYR 4/2, dry) loam; weak fine subangular 
blocky structure; about 50 per cent rocks. Sample #31. 
B3 10 to 18 inches; dark yellowish brown (lOYR 4/4, moist) to pale 
brown (lOYR 6/3, dry) sandy loam; weak fine subangular blocky 
structure; much channery. Sample #32. 
R 18+ inches; thin- to thick-bedded, fine- to coarse-grained, 
slightly metamorphosed, feldspathic sandstone. Sample #33. 
~--~---~-------------------------------------------------,-----s 
Profile BlOl (Samples 34-40) 
Location: Second gap south of Spruce Mountain horse shelter. Abdut 
100 yards south of trail on Cataloochee Balsam. 
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Vegetation: Beech with some buckeye and scattered spruce; spruce-
fir stands about 75 feet to either side of site; ground cover 
about 50 per cent consisting mostly of asters with some sedge. 
Slope: 17°; azimuth 205°. 
Collected: August 20, 1965. 
01 1 to 3/4 inches; leaves and twigs of beech with some forbs. 
Sample 4ft34. 
02 3/4 to 0 inch; leafmold; many fine roots; millipedes common. 
Sample #35. 
All 0 to 3 inches; very dark brown (lOYR 2/2, moist) to very dark 
gray(lOYR 3/1, dry) loam; weak medium granular structure; very 
friable; arthropods and earthworms present; many fine roots; 
some schist fragments. Sample #36. 
Al2 3 to 10 inches; dark brown (7.5YR 3/2, moist) to dark gray 
(lOYR 4/1, dry) loam; weak medium granular structure; very 
friable; many roots, some up to 1/2 inch in diameter; grubs 
and earthworms present; wavy boundary. Sample 4ft37. 
B2 10 to 22 inches; brown (7.5YR 4/4, moist to lOYR 5/3, dry) loam; 
weak fine subangular blocky structure; few fine roots; several 
weathering rock fragments. Sample #38. 
B3 22 to 25 inches; yellowish brown (lOYR S/4, moist) to pale brown 
(lOYR 6/3, dry) loam; weak fine subangular blocky structure; 
few roots; many rock fragments. Sample #39. 
R 25+ inches; garnetiferous schist. Sample #40. 
Profile Bl02 (Samples 41-47) 
Location: Second gap south of Spruce Mountain horse shelter; about 
20 feet west of trail on Cataloochee Balsam. 
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Vegetation: Beech; ground cover about 90 per cent consisting of forbs, 
especially Eupatorium, water hemlock, jewelweed, and sedge. 
Collected: August 20, 1965. 
01 1 to 7/8 inches; beech and forb litter. Sample #41. 
02 7/8 to 0 inch; matted leafmold; many fine forb roots; millipedes 
present. Sample #42. 
All 0 to 1-1/4 inches; very dark grayish brown (lOYR 3/2, moist) to 
gray (lOYR 5/1, dry) loam; weak medium granular structure; 
very friable; many small roots; small animal activity. 
Sample 1143. 
Al2 1-1/4 to 8-1/4 inches; dark brown (lOYR 3/3, moist) to grayish 
brown (lOYR 5/2, dry) loam; weak fine granular structure; friable; 
several fine roots, some up to 1/4 inch in diameter; arthropod 
and earthworm activity. Sample #44. 
B2 8-1/4 to 12 inches; brown (7.5YR 4/4, moist) to pale brown 
(lOYR 6/3, dry) loam; weak fine subangular blocky structure; 
few fine roots; many rock fragments. Sample #45. 
B3 12 to 14 inches; yellowish brown (lOYR 5/4, moist) to very pale 
brown (lOYR 7/4, dry) sandy loam; weak fine subangular blocky 
structure; some small roots; many rock fragments. Sample #46. 
R 14+ inches; garnetiferous schist. Sample #47. 
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Profile Al05 (Samples 48-54) 
Location: Second gap south of Spruce Mountain horse shelter on 
Cataloochee Balsam; about 40 feet east of large rock beside trail. 
Vegetation: Spruce-fir with some yellow birch, mountain maple, and 
mountain ash; ground about half covered with witch hobble, 
Dryopteris, and Hylocomium. 
Slope: 30°; azimuth 80°. 
Collected: August 20, 1965. 
01 4-1/2 to 3 inches; litter, mostly spruce and fir with some forbs; 
some fine roots. Sample #48. 
02 3 to 0 inch; black (5YR 2/1) muck; several fine roots. Sample #49. 
Al 0 to 5 inches; black (5YR 2/1, moist) to dark gray (5YR 4/1, dry) 
loam; weak fine granular structure; very friable; many roots, 
some up to two inches in diameter; abrupt irregular boundary. 
Sample #50. 
A&B 5 to 10 inches; dark brown (lOYR 3/3, moist) to grayish brown 
(lOYR 5/2, dry) loam forming a reticulated pattern with material 
similar to horizon beneath; weak fine subangular blocky structure; 
very few roots. Sample #51. 
B2 10 to 19 inches; dark brown (lOYR 4/3, moist) to yellowish brown 
(lOYR 5/4, dry) channery loam; weak fine subangular blocky 
structure. Sample #52. 
B3 19 to 23 inches; dark brown (lOYR 4/3, moist) to brown (lOYR 5/3, 
dry) loam; weak fine subangular blocky structure; many roots 
near bedrock; abrupt irregular boundary. Sample #53. 
R 23+ inches; fine- to medium-grained, thick- to medium-bedded, 
metamorphosed, feldspathic sandstone with thin beds of schist. 
Sample #54. 
------- -----------------------------------------------..,.--------------. 
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Profile Al06 (Samples 55-61) 
Location: Second gap south of Spruce Mountain horse shelter; about 
75 feet west of large rock beside trail on Cataloochee Balsam. 
Vegetation: Spruce-fir with some yellow birch and mountain maple; 
about half of ground covered with Oxalis; windthrow moderate; 
most of trees small, site probably logged. 
Collected: August 20, 1965. 
01 2-1/2 to 2 inches; needles and twigs of spruce and fir; few 
roots . Sample #55. 
02 2 to 0 inch; black (5YR 2/1) muck; several fine roots. 
Sample #56. 
All 0 to 1 inch; black (5YR 2/1, moist) to very dark gray (5YR 3/1, 
dry) loam; weak fine granular structure; several fine roots. 
Sample #57. 
Al2 1 to 5 inches; very dark brown (lOYR 2/2, moist) to dark gray 
(lOYR 4/1, dry) loam; weak fine granular structure; many fine 
roots. Sample #58. 
A&B 5 to 9 inches; very dark grayish brown (lOYR 3/2, moist) to gray 
(lOYR 5/1, dry) loam with inclusions of dark yellowish brown 
(10YR 4/4); weak fine subangular blocky structure; several 
gravels; few roots;abrupt wavy boundary . Sample #59 . 
B2 9 to 11 inches; dark yellowish brown (lOYR 4/4, moist) to pale 
brown (lOYR 6/3, dry) sandy loam; weak medium subangular 
blocky structure; several rock fragments; abrupt wavy boundary. 
Sample #60. · 
R 11,- inches; medium- to coarse-grained, thin- to medium-bedded, 
metamorphosed, feldspathic sandstone . Sample #61. 
Profile Bl03 (Samples 62-68) 
Location: Second gap south of Spruce Mountain horse shelter; about 
100 yards south of Al05. 
Vegetation: Beech with some buckeye; shrubs and forbs consisting of 
witch hobble, greenbrier, aster, and jewelweed. 
Slope: 
Collected: August 20, 1965. 
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01 1 to 1/2 inch; leaves and twigs, mostly beech with some forbs . 
Sample #62. 
02 1/2 to 0 inch; matted litter; few fine roots . Sample #63. 
All 0 to 1-1/2 inches; very dark brown (lOYR 2/2, moist) to gray 
(lOYR 5/1, dry) loam; weak medium granular structure; very 
friable; several small rock fragments; many fine roots; 
arthropod and earthworm activity. Sample #64. 
Al2 1-1/2 to 5-1/2 inches; very dark grayish brown (loYR 3/2, moist) 
to gray (lOYR 5/1, dry) loam; weak medium granular structure; 
several small rock fragments; several roots, some up to 3/4 
inches in diameter; earthworm activity. Sample #65 . 
B2 5-1/2 to 14 inches; dark brown (lOYR 3/3, moist) to grayish brown 
(lOYR 5/2, dry) loam; weak fine subangular blocky structure; 
several fine roots. Sample #66 . 
B3 14 to 17 inches; dark brown (lOYR 4/3, moist) to pale brown 
(10YR 6/3, dry) sandy loam; weak fine subangular blocky structure; 
several small roots . Sample #67 . 
R 17+ inches; garnetiferous schist. Sample #68. 
Profile B201 (Samples 69-76) 
Location: Top of first knoll west of Double Spring Gap; about fifty 
yards north of the Appalachian Trail. 
Vegetation: Mostly beech with some buckeyes; almost 100 per cent 
ground cover consisting of aster and sedge. 
Collected: August 26, 1956. 
01 1-1/2 to 1/4 inch; mostly beech with some forb litter. 
Sample :ff69. 
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02 1/4 to 0 inch; matted leafmold; many fine roots; wavy boundary. 
Sample :ff70. 
All 0 to 3 inches; very dark grayish brown (lOYR 3/2, moist) to 
grayish brown (lOYR 5/2, dry) loam; weak medium granular 
structure; many fine roots; small animal activity. Sample #71. 
Al2 3 to 5-1/2 inches; dark brown (lOYR 3/3, moist) to light 
brownish gray (lOYR 6/2, dry) loam; weak fine granular 
structure; several roots, some up to two inches in diameter; 
some small animal activity; abrupt wavy boundary. Sample #72. 
B2 5-1/2 to 20 inches; dark brown (lOYR 4/3, moist) to pale brown 
(lOYR 6/3, dry) loam; weak fine subangular blocky structure; 
few roots. Sample #73. 
B3 20 to 32 inches; dark brown (lOYR 4/3, moist) to pale brown 
(lOYR 6/3, ~ry) sandy loam; weak fine subangular blocky 
structure; several rocks, some flagstones up to eight inches 
in length. Sample :ff74 . 
C 32 to 32-1/2 inches; very dark grayish brown (2.5Y 3/2, moist) 
to grayish brown (lOYR 5/2, dry) loamy sand; weak fine subangular 
blocky structure; abrupt broken boundary. Sample :ff75. 
R 32-1/2+ inches; thin- to thick-bedded, fine- to coarse-grained 
feldspathic sandstone, biotite abundant. Sample :ff76. 
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Profile B202 (Samples 77-83) 
Location: About 100 yards southwest of top of first knoll west of 
Double Spring Gap about 50 yards north of the Appalachian Trail. 
Vegetation: Beech with a few buckeye; ground cover about 100 per cent 
consisting of mostly sedge with some Dryopteris, Eupatorium, 
water hemlock, and blackberry. 
Collected: August 26, 1965. 
01 1-1/2 to 1/2 inch; leaves and twigs, mostly beech with some 
£orbs; some arthropods. Sample #77. 
02 1/2 to 0 inch; matted leafmold; arthropods present. Sample #78. 
All 0 to 2 inches; very dark grayish brown (lOYR 3/2, moist) to 
grayish brown (lOYR 5/2, dry) loam; weak fine granular structure; 
many fine roots; small animal activity; abrupt wavy boundary. 
Sample #79 . 
Al2 2 to 6-1/2 inches; dark brown (10 YR 3/3 , moist) to light brownish 
gray (lOYR 6/2, dry) loam; weak fine granular structure; 
structure; several roots, some up to 1/2 inch in diameter; 
some small animal activity . Sample #80. 
B2 6-1/2 to 17 inches; dark grayish brown (lOYR 4/2 , moist) to pale 
brown (lOYR 6/3, dry) loam; weak fine subangular blocky structure. 
Sample #81 . 
B3 17 to 26 inches; dark grayish brown (lOYR 4/2, moist) to pale 
brown (lOYR 6/3 , dry) sandy loam; weak fine subangular blocky 
structure; several rocks , some flagstones up to eight inches 
long . Sample #82. 
R 26+ inches; medium- to thin·-bedded, coarse- to fine-grained 
feldspathic sandstone and phyllite with some schist and slate. 
Sample #83. 
Profile B203 (Samples 84- 90) 
Location: About 50 yards north of top of first knoll west of Double 
Spring Gap. 
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Vegetation: Beech with some buckeye; several small spruce within 35 
feet; ground cover about 100 per cent consisting of Eupatorium , 
Dryopteris , sedge , and some blackberry , water hemlock, and 
dodder. 
Slope : 10°; azimuth 0°. 
Collected : August 26, 1965. 
01 1 to 1/2 inch; loose leaves and twigs, some forb litter. 
Sample 4fo84 . 
02 1/2 to 0 inch; matted litter. Sample #85. 
All 0 to 2- 1/2 inches; very dark grayish brown (lOYR 3/2, moist) to 
grayish brown (lOYR .5/2, dry) loam; weak fine granular structure; 
many fine roots; small animal activity. Sample 4fo86. 
Al2 2-1/2 to 8-1/2 inches; dark grayi sh brown (lOYR 3/3 , moist) to 
pale brown (lOYR 6/3, dry) loam; weak fine subangular blocky 
structure; some small roots. Sample #87 . 
B2 8- 1/2 to 14 inches; dark grayish brown (lOYR 4/2, moist) to pale 
brown (lOYR 6/3, dry) loam; weak fine subangular block structure. 
Sample 4fo88 . 
B3 14 to 18 inches; dark grayish brown (lOYR 4/2 , moist) to pale 
brown (lOYR 6/3, dry) sandy loam; weak fine subangular blocky 
structure; several rock fragments. Sample #89. 
R 18+ inches; slate and phyllite with some fine -· to medium- grained 
feldspathic sandstone . Sample #90. 
Profile B204 (Samples 91- 97) 
Location : About 60 yards south of top of first knoll west of Double 
Spring Gap; about 40 feet south of Appalachian Trail. 
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Vegetation : Beech with some buckeye; ground about 70 per cent covered 
with sedge and skunk goldenrod . 
Collected : August 26 j 1965. 
01 1- 1/2 to 1/2 inch; leaves and twigs , mostly beech with some 
forbs, Sample #91. 
02 1/2 to 0 inch; matted partially decomposed litter; some fine 
roots; some millipedes. Sample #92. 
All 0 to 3 inches; very dark gray (lOYR 3/1 , moist) to gray (lOYR 5/1 , 
dry) loam; weak fine granular structure; many fine roots, some 
up to 3/4 inches in diameter; much small invertebrate activity . 
Sample 11 93 . 
Al2 3 to 7 inches; dark brown ( lOYR 3/3 , moist) to light brownish 
gray (lOYR 6/2 , dry) loam; weak fine granular structure; several 
roots up to 1/4 inch in diameter; some invertebrate activity. 
Sample #94. 
B2 7 to 18 i nches; dark grayish brown (lOYR 4/2 , mo ist) to pale 
brown ( lOYR 6/3 , dry) loam; weak fine subangular blocky structure; 
few roots; few rocks , some up to six inches. Sample #95. 
B3 18 to 25 inche s ; dark grayish brown ( lOYR 4/2 , mois t) to pale 
brown (lOYR 6/3 , dry) fine sandy loam; weak fine subangular 
blocky structure; many rock fragments, some up to eight inches. 
Sample #96. 
R 25+ inches; fine - to medium grained , thin- to medium-bedded 
feldspathic sandstone , mica flakes common . Sample 1197 . 
Profile B205 (Samples 98- 106) 
Location : About 50 yards east of top of first knoll west of Double 
Spring Gap. 
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Vegetation: Beech with a few buckeye and yellow birch, some spruce 
about 50 feet to the northeast; ground cover about 50 per cent 
sedge and 50 per cent herbs such as Eupatorium , skunk goJdenrod , 
water hemlock, plus dodder. 
Slope : 10°; azimuth 55°. 
Collected : August 26 , 1965 . 
01 1- 1/2 to 1/2 inch; leaves and twigs of beech with some buckeye , 
yellow birch and forbs. Sample #98. 
02 1/2 to 0 inch; matted litter ; many fine roots; some soil mixing 
by small animals. Sample #99. 
All 0 to 1-1/2 inches; very dark grayish brown (lOYR 3/2, moist) to 
grayish brown (lOYR 5/2, dry) loam; weak fine granular structure; 
many fine roots; much small animal activi ty; wavy boundary . 
Sample #100. 
Al2 1·- 1/2 to 3- 1/2 inches; very dark grayish brown (lOYR .3/2, moist) 
to grayish brown (lOYR 5/2, dry) loam; weak fine granular 
structure; several small roots , some up to 1/2 inch in diameter; 
some small animal act i vity , Sample #101. 
AB 3·-1/2 to 8 inches; dark grayish brown (lOYR 4/2, moist) to light 
grayish brown (lOYR 6/2, dry) loam; very dark grayish brown 
(lOYR 3/2) a long ped faces and root channels; weak fine subangular 
blocky structure; several small roots , some up to one inch in 
diameter. Sample #102. 
B2 8 to 18 inches; dark grayish brown (lOYR 4/2 , moist) to pale 
brown (lOYR 6/3 , dry) loam; weak fine subangular blocky structure; 
sever a 1 roots , some up to one inch in diameter. Sample 1Fl03. 
B3 18 to 20 inches; dark brown (lOYR 4/3 , moist) to pale brown 
(lOYR 6/3, dry) sandy loam; weak fine subangular blocky structure. 
Sample #104. 
C 20 to 21 inches; dark grayish brown (2.5Y 4/2, moist) to light 
brownish gray (2 . 5Y 6/2, dry) loamy sand; single grained; abrupt 
broken boundary . Sample #105. 
R 21+ inches; thin- to medium- bedded, fine - to medium- grained feld -
~a~ic sandstone , mica common; some phyllite beds. Sample #106 . 
Profile A201 (Samples 107-112) 
Location: Top of first knoll east of Double Spring Gap and about 30 
yards north of the Appalachian Trail. 
Vegetation: Spruce-fir with about 25 per cent mountain maple and 
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yellow birch; several shrubs such as witch hobble, blueberry , and 
blackberry; ground cover consisting mostly of Oxalis, Senecio , 
Dryopteris, and Hylocomium. 
Collected : August 27, 1965. 
01 2 to 1- 1/2 inches; partially decomposed leaves and twigs, mostly 
fir and spruce with some yellow birch, mountain maple, and forbs. 
Sample :fflO'l. 
02 1-1/2 to 0 inch; mostly decomposed litter, some mineral soil 
mixed in by small animals; many roots , some up to two inches in 
diameter; some millipedes present, Sample #108. 
Al 0 to 2- 1/2 inches; very dark brown (lOYR 2/2 , moist) to grayish 
brown (lOYR 5/2 , dry) loam; weak f ne granular structure; many 
roots , some up to l/2 i nch i n diameter; abrupt wavy boundary, 
Sample :ftl09. 
B2 2- 1/2 to 16 inches; dark grayish brown (lOYR 4/2, moist) to pale 
brown (lOYR 6/3, dry) loam , streaks extending down from Al into 
B3; weak subangular blocky structure. Sample #110. 
B3 16 to 21 inches; dark grayish brown (lOYR 4/2., moist) to pale 
brown (lOYR 6/3, dry) sandy loam; weak fine subangular bloc.ky 
structure; many rocks , some flagstones up to six inc.hes across . 
Sample #111. 
R 21+ inches; medium- grained , thin- to medium-bedded sandstone , 
mica common , Sample :f/=112. 
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Profile A202 (Samples 113- 118) 
Location: About 30 yards north of the Appalachian Trail and about 
300 yards west of top of first knoll east of Double Spring Gap. 
Vegetation : Spruce- fir with about 25 per cent mountain maple and 
yellow birch; several shrubs such as witch hobble, blueberry, 
and blackberry; ground cover consisting mostly of Oxalis, Senecio , 
Dryopteris, and Hylocomium. 
Collected : August 27, 1965 , 
01 3 to 2-1/2 inches; partially decomposed leaves and twigs of 
fir and spruce with some yellow birch and forbs. Sample #113. 
02 2-1/2 to 0 inch; black (SYR 2/1) muck; many fine roots. 
Sample #114. 
Al 0 to 2 inches; black (lOYR 2/1, moist) to dark gray (lOYR 4/1 , 
dry) loam; weak fine granular structure; many fine roots, some 
up to 1/2 inch in diameter; abrupt irregular boundary. 
Sample ifil15 . 
B2 2 to 11 inches; very dark grayish brown (lOYR 3/2 , moist) to 
grayish brown (lOYR 5/2 , dry) loam; weak fine subangular blocky 
struc.ture; some fine roots. Sample #116, 
B3 11 to 15 inches; very dark grayish brown (lOYR 3/2 , moist ) to 
grayish brown (lOYR 5/2, dry) sandy loam; weak fine subangular 
blocky structure; several rocks, some six to eight inches 
across. Sample #117. 
R 15+ inches; fine- to medium- grained, thin- to medium- bedded 
sandstone with mica common; some phyllite beds. Sample #118. 
Profile A203 (Samples 119-125) 
Location: About 100 yards north of top of first knoll east of Double 
Spring Gap. 
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Vegetation: Spruce-fir with about 20 per cent mountain maple and yellow 
birch; several witch hobble, blueberry, and blackberry; ground 
cover consisting mostly of Oxalis, Senecio, Dryopteris, and 
Hylocomium. 
Slope: 10°; azimuth 345°, 
Collected : August 27, 1965. 
01 3 to 2 inches; leaves and twigs of fir and spruce with some 
yellow birch and mountain maple; some arthropods. Sample #119. 
02 2 to 0 inch; black (5YR 2/1) muck; many fine roots, some up to 
1/2 inch in diameter. Sample #120. 
Al 0 to 2 inches; very dark brown (lOYR 2/2, moist) to dark gray 
(lOYR 4/1, dry) loam; weak fine granular structure; several 
fine roots; some arthropod activity. Sample #121. 
AB 2 to 4 inches; very dark grayish brown (lOYR 3/2, moist) to 
grayish brown (lOYR 5/2, dry) loam; weak fine subangular 
blocky structure; some small roots. Sample #122. 
B2 4 to 9 inches; dark grayish brown (lOYR 4/2, moist) to pale 
brown (lOYR 6/3, dry) loam; weak fine subangular blocky 
structure; few roots. Sample #123. 
B3 9 to 14 inches; dark grayish brawn (lOYR 4/2, moist) to light 
brownish gray (lOYR 6/2, dry) sandy loam; weak fine subangular 
blocky structure; many rock fragments. Sample #124. 
R 14+ inches; phyllite with thin- to medium-bedded, fine - to 
medium- grained feldspathic sandstone, mica common. Sample #125. 
Profile A204 (Samples 126-133) 
Location: About 200 yards south of first knoll east of Double Spring 
Gap. 
Vegetation: Spruce-fir with a few yellow birch and mountain maple; 
ground cover about 50 per cent consisting mostly of Oxalis and 
Hylocomium with some skunk goldenrods and small witch hobbles. 
Collected: August 27, 1965. 
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01 2-1/4 to 1-1/4 inches; partially decomposed leaves and twigs of 
spruce and fir with some yellow birch and forbs. Sample #126. 
02 1-1/4 to 0 inch; black (SYR 2/1) peat. Sample #127. 
All 0 to 1-1/2 inches; black (lOYR 2/1, moist) to dark gray 
(lOYR 4/1, dry) loam; weak medium granular structure; many 
fine roots. Sample #128. 
Al2 1-1/2 to 3 inches; very dark gray (lOYR 3/1, moist) to dark 
gray (lOYR 4/1, dry) loam; weak fine granular structure; 
several fine roots; abrupt irregular boundary. Sample #129. 
AB 3 to 6-1/2 inches; dark grayish brown (lOYR 4/2, moist) to 
grayish brown (lOYR 5/2, dry) loam; weak fine subangular 
blocky structure. Sample #130. 
B2 6-1/2 to 15 inches; dark grayish brown (lOYR 4/2, moist) to 
pale brown (lOYR 6/3, dry) loam; weak fine subangular blocky 
structure. Sample #131. 
B3 15 to 23 inches; dark grayish brown (lOYR 4/2, moist) to pale 
brown (lOYR 6/3, dry) loam; weak fine subangular blocky structure; 
many rock fragments. Sample #132. 
R 23+ inches; fine- to medium-grained, thin- to medium-bedded 
feldspathic sandstone; some phyllite beds. Sample #133. 
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Profile A301 (Samples 134-140) 
Location: About 75 feet northwest of the Appalachian Trail at a point 
about 300 yards west of the Sweat Heifer Creek Trail. 
Vegetation: Spruce-fir with some yellow birch, mountain maple, mountain 
ash, and witch hobble; abundant windthrow and many small firs; 
ground cover about 100 per cent composed of Hylocomium, Oxalis, 
Aster, and some Rubus. 
Collected: August 30, 1965. 
01 2 to 1 inch; partially decomposed leaves and twigs of fir and 
spruce with some leaves of yellow birch and forbs; many fine 
roots and moss rhizoids. Sample #134. 
02 1 to 0 inch; black (5YR 2/1) muck; many fine roots; some arthropods. 
Sample 1fl35. 
All 0 to 1 inch; black (5YR 2/1, moist) to gray (5YR 5/1, dry) loam 
with some mixing of organic matter from above; weak medium 
granular structure; some fine roots; millipedes present; several 
gravel . Sample #136 . 
Al2 1 to 5 inches; very dark gray (lOYR 3/1, moist) to grayish brown 
(lOYR 5/2, dry) loam; weak medium granular structure; several 
gravel; abrupt wavy boundary. Sample #137. 
B2 5 to 24 inches; brown (lOYR 4/3, moist) to pale brown (lOYR 6/3, 
dry) loam; weak fine subangular blocky structure. Sample #138. 
B3 24 to 30 inches; dark yellowish brown (lOYR 4/4, moist) to very 
pale brown (lOYR 7/4, dry) sandy loam; weak fine subangular 
blocky structure . Sample #139. 
R 30+ inches; phyllite with some garnetiferous schist. Sample #140. 
(Profile A302 (Samples 141-147) 
Location : About 75 feet south of the Appalachian Trail at a point 
about 100 yards east of the Sweat Heifer Creek Trail. 
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Vegetation: Spruce-fir with some yellow birch; some windthrow and some 
stumps; few witch hobble and blueberry; ground cover mostly 
Oxalis with some Dryopteris, Solidago, and Senecio . 
Collected: August 31, 1965. 
01 2 to 1/4 inch; partially decomposed leaves and twigs, mostly 
spruce and fir; sever a 1 fine roots; some arthropods. Sample /f141. 
02 1/4 to 0 inch; black (SYR 2/1) decomposed litter, not greasy; 
many fine roots. Sample #142. 
All 0 to 3- 1/2 inches; very dark grayish brown (lOYR 3/1, moist) to 
gray (lOYR 5/1, dry) loam; weak fine granular structure; many 
fine roots, some up to 1/2 inch in diameter; about 30 per cent 
gravel . Sample #143. 
Al2 3-1/2 to 10- 1/2 inches; very dark grayish brown (lOYR 3/2, 
moist) to light brownish gray (lOYR 6/2, dry) loam; weak medium 
granular structure; some small roots; about 60 per cent gravel . 
Sample /H44. 
B2 10-1/2 to 17 inches; dark grayish brown (lOYR 4/2, moist) to 
pale brown (lOYR 6/3, dry) loam; weak fine subangular blocky 
structure; few small roots; about 70 per cent gravel. 
Sample /H45. 
B3 17 to 23 inches; dark grayish brown (lOYR 4/2, moist) to pale 
brown (lOYR 6/3, dry) sandy loam; weak fine subangular blocky 
structure; about 50 per cent gravel, some rock fragments up to 
six inches across . Sample #146. 
R 23+ inches; fine ·- to coarse- grained, thin- to medium- bedded 
feldspathic sandstone and phyllite . Sample #147. 
Profile B301 (Samples 148-154) 
Location: About 30 feet west of first bend in Sweat Heifer Creek 
Trail at a distance of about 100 yards from the Appalachian 
Trail. 
Vegetation: Beech with ground cover consisting of Eupatorium, Dryop-
teris, and some Solidago and water hemlock. 
Collected: August 31, 1965. 
01 1/2 to 1/8 inch; relatively undecomposed leaves and twigs of 
beech with some forbs. Sample #148. 
02 1/8 to 0 inch; mostly decomposed litter with some mineral soil 
mixing by millipedes; abrupt wavy boundary. Sample #149. 
All 0 to 2 inches; very dark brown (lOYR 2/2, moist) to gray 
(lOYR 5/1, dry) loam; weak fine granular structure; many 
fine roots, some up to 1/2 inch in diameter; about 15 per cent 
gravel. Sample #150. 
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Al2 2 to 9 inches; dark brown (lOYR 3/3, moist) to grayish brown 
(lOYR 5/2, dry) loam; weak fine granular structure; several 
small roots, some about 1/2 inch in diameter; about 40 per cent 
gravel. Sample #151. 
B2 9 to24 inches; dark brown (7.5YR 3/2, moist) to pale brown 
(lOYR 6/3, dry) loam; weak fine subangular blocky structure; 
few roots; about 25 per cent gravel. Sample 11152. 
B3 24 to 27 inches; dark grayish brown (lOYR 4/2, moist) to pale 
brown (lOYR 6/3, dry) loam; weak fine su.bangular blocky 
structure; about 25 per cent gravel. Sample #153. 
R 27+ inches; fine- to coarse - grained, thin- to medium-bedded 
feldspathic sandstone . Sample #154. 
Profile A303 (Samples 155-160) 
Location: About 50 yards south of the Appalachian Trail and 15 yards 
west of the Sweat Heifer Creek Trail. 
Vegetation: Spruce-fir with some yellow birch; ground cover Oxalis 
and Hylocomium where numerous rock outcrops were not present. 
Collected: August 31, 1965. 
01 3 to 2 inches; leaves and twigs of fir and spruce with some 
yellow birch; some millipedes. Sample #155. 
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02 2 to 0 inch; black (5YR 2/1) muck; many small roots; abrupt wavy 
boundary. Sample #156. 
All 0 to 1-1/2 inches; very dark gray (lOYR 3/1, moist) to gray 
(lOYR 5/1, dry) loam; weak fine granular structure; many small 
roots; about 25 per cent gravel. · Sample :ff157. 
Al2 1-1/2 to 7 inches; dark gray (lOYR 4/1, moist) to light gray 
(lOYR 6/1, dry) loam; weak medium granular structure; about 
40 per cent gravel. Sample #158. 
B2 7 to 9 inches; dark grayish brown (lOYR 4/2, moist) to pale 
brown (lOYR 6/3, dry) loam; weak fine subangular blocky structure; 
about 80 per cent rock fragments. Sample #159. 
R 9+ inches; medium- to coarse- grained, thick- bedded to massive 
feldspathic sandstone; some thin phyllite beds . Sample #160. 
Profile B302 (~amp1es 161-167) 
Location: About 50 feet west of the Sweat Heifer Creek Trail and 50 
feet south of the Appalachian Trail. 
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Vegetation: Beech with a small amount of spruce, fir, and mountain 
maple; ground cover about 75 per cent consisting of water hemlock, 
Laportea , Eupatorium, and Carex. 
Collected: August 31 , 1965. 
01 1 to 1/4 inch; relatively undecomposed , loose leaves and twigs 
of beech with some forbs. Sample #161. 
02 1/4 to 0 inch; matted litter; several millipedes and other 
arthropods; many fine forb roots; abrupt wavy boundary . 
Sample 1il62. 
All 0 to 1-1/4 inches; very dark brown (lOYR 2/2, moist) to dark 
gray (lOYR 4/1, dry) loam; weak fine granular structure; many 
fine roots; arthropod and earthworm activity; about 10 per 
cent gravel; abrupt wavy boundary. Sample #163. 
Al2 1-1/4 to 6- 1/2 inches; dark reddish brown (5YR 2./2 , moist) to 
dark brown (7 .5YR 4/2 , dry) loam; weak fine granular structure; 
several small roots, some up to 1/2 inch in diameter; about 
25 per cent grave 1. Sample 1tl64. 
B2 6- 1/2 to 14 inches; dark redd i sh brown (5YR 2/2, moist) to dark 
brown (lOYR 4/.3 , dry) loam; weak fine subangular blocky struc-
ture; few roots; about .35 per cent gravel. Sample #165. 
B3 14 to 2.3 inches; dark brown (7 . 5YR 3/2 , moist) to brown (lOYR 5/3 , 
dry) sandy loam; weak fine subangular blocky structure; about 
75 per cent rock fragments. Sample #166 . 
R 23+ i nches; thin·- to medium- bedded , fine- to coarse-· grained 
feldspathic sandstone , phyllite , and slate . Sample #167. 
Profile B303 (Samples 168- 173) 
Location: About 25 feet north of the Appalachian Trail at a distance 
of about 400 yards west of the Sweat Heifer Creek Trail. 
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Vegetation: Yellow birch and mountain maple with some mountain ash and 
fir; some witch hobble and blackberry; ground cover about 100 per 
cent consisting of Dryopteri.s, Eupatorium, water hemlock, skunk 
goldenrod, and dodder . 
Collected : August 31 , 1965 . 
02 1/8 to 0 inch; thinly scattered , mostly decomposed l i tter . 
Sample 1tl68. 
All 0 to 1- 1/2 inches; very dark gray (lOYR 3/1, moist) to dark gray 
(lOYR 4/1, dry) loam; weak fine granular structure; many fine 
roots; much small ani mal activity. Sample #169. 
A12 1- 1/2 to 7 i nches; very dark gray (5YR 3/1 , moist) to dark gray 
(lOYR 4/1 , dry) loam; weak fine subangular blocky to coarse 
granular structure; several small roots , some up to 1/4 inch 
in diameter . Sample #170 . 
B2 7 to 12- 1/2 inches; dark brown (7 . 5YR 3/2, moist) to dark 
grayish brown (lOYR 4/2, dry) loam; weak fine subangular blocky 
structure; some small roots . Sample #171 . 
B3 12- 1/2 to 23 inches; dark brown (7 . 5 YR 3/2 , mo i st) to brown 
(lOYR 5/3 , dry) sandy loam; weak fine subangular bloc ky structure; 
many rock fragments. Sample #172 . 
R 23+ inche s ; phyllite and slate . Sample 11173 . 
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Profile A401 (Samples 1'74-180) 
Location: About 50 yards northwest of the Appalachian Trail and about 
100 yards from the crest of the first knob west of Cosby Knob. 
Vegetation: Spruce with a few hemlock and some yellow birch and 
mountain maple; moderate windthrow; ground cover about 25 per 
cent consisting of Dryopteris, Oxalis , Lycopodium, and Hylo-
comium. 
Collected : September 2, 1965. 
01 5 to 4 inches; twigs and leaves of spruce with some mountain 
maple, yellow birch , and hemlock; some fine roots; some 
arthropod activity; one earthworm noted. Sample #174. 
02 4 to 0 inch; black (SYR 2/1) greasy muck; many fine roots , 
Sample 1tl'75. 
Al 0 to 4 inches; very dark brown (lOYR 2/2 , moi.st) to b·rown 
(7.5 YR 5/2, dry) loam; weak fine granular structure; many 
fine roots, some up to 1/2 inch in di.ameter; some gravel; 
abrupt irregular boundary . Sample #176. 
AB 4 to 7-1/2 inches; dark brown (lOYR 3/3, moist) to grayish 
brown (lOYR 5/2, dry) loam; weak fine subangular blocky 
structure; some tongues from Al; some gravel; abrupt wavy 
boundary. Sample .ffl77, 
B2 7-l/2 to 15 inches; brown (lOYR 4/3 , moist) to yellowish brown 
(lOYR 5/4, dry) loam; weak fine subangular bloc~y structure; 
few roots. Sample #178. 
B3 15 to 18 inches; dark yellowish brown (lOYR 3/4, moist) to 
grayish brown (lOYR 5/2 , dry) sandy loam; weak fine subangular 
blocky structure; few roots; abrupt irregular boundary, 
Sample 11179. 
R 18+ inches; medium- to coarse - grained; thin- to thick-bedded; 
feldspathic sandstone; some beds of tough conglomerate and 
slate. Sample #180. 
Profile A402 (Samples 181-189) 
Location: About 30 feet south of the Appalachian Trail and 10 yards 
from the crest of the first knoll west of Cosby Knob. 
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Vegetation: Spruce with some mountain maple and yellow birch; under-
story vegetation mostly witch hobble, blueberry, and blackberry; 
ground cover mostly Dryopteris and Eupatorium. 
Collected : September 2 , 1965. 
01 4- 1/2 to 3 inches; leaves and twigs of spruce with some mountain 
maple; several fine roots; some invertebrate activity. 
Sample 1!181. 
02 3 to 0 inch; black (SYR 2/1) loose muck; many small roots. 
Sample 1!182. 
Al 0 to 6- 1/2 inches; black (SYR 2/1 , moist) to very dark gray 
(SYR 3/1, dry) loam; weak fine gr~nular structure; many small 
roots, some up to 1/2 inch in diameter; about 50 per cent 
gravel. Sample #183. 
A3 6-1/2 to 10 inches; dark brown ('7 .SYR .3/2 , moist) to dark 
grayish brown (7. SYR 4/2, dry) loam; weak fine granular structure; 
several small roots; about 50 per cent gravel. Sample #184. 
Bl 10 to 13 inches; very dark grayish brown (lOYR 3/2 , moist) to dark 
grayish brown (lOYR 4/2 ~ dry) loam; weak fine subangular blocky 
structure; several sma 11 roots . Sample 11185. 
B2 13 to 20 inches; dark brown (lOYR 3/3 , moist) to brown (lOYR 5/3 , 
dry) loam; weak fine subangular blocky structure; several fine 
roots. Sample 1!186 . 
B3 20 to 28 inches; dark brown (l.OYR 3/3 , moist) to brown (lOYR 5/3 , 
dry) sandy loam; weak fine subangular blocky s true ture; few roots; 
many rock fragments . Sample 11187 . 
C 28 to 33 inches; dark brown (lOYR 4/2, moist) to yellowish brown 
(lOYR 5/4, dry) sandy loam; weak fine subangular blocky structure. 
Sample 11188. 
R 33+ inches; fine - to coarse- grained, thiri- to medium- bedded 
feldspathic sandstone. Sample 1!189. 
Profile A403 (Samples 190-196) 
Location: About 50 yards southeast of the Appalachian Trail and 
about 30 yards woutheast of the crest of the first knoll west 
of Cosby Knob, 
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Vegetation : Spruce with some mountain maple, yellow birch, and hemlock; 
ground cover consisting of Dryopteris, Aster, and some grass or 
sedge . 
Collected : September 2, 1965. 
01 3-1 /2 to 3 inches; leaves and twigs, mostly spruce but some 
mountain maple and yellow birch . Sample 4fl90. 
02 3 to 0 inch; black (5YR 2/1) loose muck; many fine roots. 
Sample 4fl91. 
All 0 to 2·- 1/2 inches; black (5YR 2/1, moist) to very dark gray 
(5YR 3/1 ~ dry) loam; weak fine granular structure; many fine 
roots, some up to 1/4 inch in diameter; about 30 per cent 
gravel. Sample #192. 
Al2 2- 1/2 to 4- 1/2 inches; very dark brown (lOYR 2/2 , moist) to 
dark gray (lOYR 4/1, dry) loam; weak fine granular structure; 
several small roots , some up to 1/2 inch in diameter; abrupt 
irregular boundary; about 40 per cent gravel. Sample 4f193. 
B2 4-1/2 to 10 inches; very dark grayish brown (lOYR 3/2 1 moist) 
to grayish brown (lOYR 4/2 , dry) loam; weak fine subangular 
blocky structure; some small roots; about 30 per cent gravel. 
Sample ifl94 . 
B3 10 to 33 inches; very dark grayish brown (lOYR 3/2, moist) to 
dark grayish brown (lOYR 4/2, dry) loam; weak fine subangular 
blocky structure; some small roots; about 50 per cent rock 
fragments. Sample #195. 
R 33+ inches; fine - to coarse - grained, thin- to thick- bedded 
feldspathic sandstone. Sample #196. 
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Profile B401 (Samples 197-205) 
Location: About 50 yards southeast of the Appalachian Trail and about 
30 yards southeast of the crest of the first knoll west of Cosby 
Knob, about 75 feet northeast of profile A403. 
Vegetation : Beech with a few sugar maple; ground cover about 75 per cent 
consisting mostly of sedge with some Aster, Solidago, and Dryop-
teris. 
Collected : September 2, 1965 . 
01 1- 1/2 to 1 inch; leaves and twigs; mostly beech with some sedge. 
Sample #197. 
02 1 to 0 inch; matted litter; many forb roots. Sample #198. 
All 0 to 1 inch; black (SYR 2/1, moist) to very dark gray (SYR 3/1, 
dry) greasy loam; weak fine granular structure; many fine roots; 
about 40 per cent grave 1; abrupt irregular boundary. Sample ffl99. 
Al2 1 to 5 inches; black (SYR 2/1, moist) to very dark gray (lOYR 3/1, 
dry) loam; weak fine granular structure; many small roots, some 
up to 1/2 inch in diameter; about 40 per cent rock fragments. 
Sample tnoo . 
A3 5 to 6- 1/2 inches; very dark grayish brown (lOYR 3/2, moist) to 
dark grayish brown (lOYR 4/2, dry) loam; weak fine granular 
structure; several small roots; about 40 per cent gravel. 
Sample ft20l. 
Bl 6- 1/2 to 8 inches; dark brown (lOYR 3/3, moist) loam; weak fine 
subangular blocky structure; several small roots; about 20 per 
cent gravel. Sample #202. 
B2 8 to 20 inches; dark yellowish brown (lOYR 4/4, moist) to light 
yellowish brown (lOYR 6/4, dry) loam; weak fine subangular 
blocky structure; many small roots; about 10 per cent rock 
fragments . Sample #203. 
B3 20 to 24 inches; dark grayish brown (lOYR 4/2, moist) to yellowish 
brown (lOYR 5/4, dry) sandy loam; weak fine subangular blocky 
structure. Sample #204. 
R 24+ inches; coarse - grained feldspathic sandstone. Sample #205. 
Profile B402 (Samples 206-212) 
Location: About 20 feet southeast of the Appalachian Trail and 10 
feet from the crest of the first knoll west of Cosby Knob at 
a location about 100 yards east of profile A402. 
Vegetation: Beech with a few yellow birch; some witch hobble; ground 
cover about 20 per cent consisting primarily of Dryopteris. 
Collected: September 3, 1965. 
01 1-1/2 to 1/2 inch; loose leaves and twigs, mostly beech . 
Sample fl206. 
02 1/2 to 0 inch; matted, mostly decomposed litter; many fine 
roots. Sample #207. 
All 0 to 2 inches; black (5YR 2/1, moist) to very dark gray 
(5YR 3/1 , dry) greasy loam; weak fine granular structure; 
very fr i able; many fine roots; small animal activity; about 
25 per cent gravel; abrupt wavy boundary. Sample #208. 
Al2 2 to 4- 1/2 inches; dark reddish brown (5YR 2/2, moist) to dark 
gray (lOYR 4/1, dry) loam; weak medium granular structure; 
friable; several small roots, some up to one inch in diameter; 
abrupt irregular boundary . Sample #209. 
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B2 4-1/2 to 15 inches; very dark brown (lOYR 2/2, moist) to very 
dark grayish brown (lOYR .3/2, dry) loam; weak fine subangular 
blocky structure; several small roots; abrupt irregular boundary. 
Sample ffZlO. 
B3 15 to 16 inches; very dark grayish brown (lOYR 3/2, moist) to 
brown (lOYR 5/3, dry) sandy loam; weak fine granular structure 
with inclusions of dark brown (lOYR 4/3) single grain loamy 
coarse sand. Sample #211 . 
R 16+ inches; fine - to coarse - grained, thin- to medium- bedded 
feldspathic sandstone and slate. Sample #212. 
Profile B403 (Samples 213-219) 
Location : About one mile east of Low Gap; approximately 100 yards 
southeast of the Appalachian Trail and 50 yards from the crest 
of Sunup Knob. 
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Vegetation : Beech with yellow birch, some mountain maple and northern 
red oak; some high bush blueberry, blackberry, and Rhododendron 
catawabiense in shrub layer; ground cover consisted mostly of 
Dryopteris , Aster, and Eupatorium. 
Collected: September 3, 1965. 
01 3 to 1 inch; loose leaves and twigs; mostly beech. Sample #213 . 
02 1 to 0 i nch; matted litter; many fine roots. Sample #214. 
All 0 to 3 inches; black (5YR 2/1, moist) to very dark gray (lOYR 3/1 , dry) loam; weak medium granular structure; many 
fine roots; about 75 per cent gravel. Sample #215. 
Al2 3 to 5- 1/2 inches; dark reddish brown (5YR 2/2, moist) to dark 
gray (5YR 4/1, dry) loam; weak fine granular structure; many 
fine roots, some up to 1/2 inch in diameter; about 50 per cent 
gravel . Sample #216 . 
B2 5- 1/2 to 17 inches; very dark brown (lOYR 2/2, moist) to dark 
grayish brown (lOYR 4/2, dry) loam; weak fine subangular 
blocky structure; very friable , some small roots, some up to 
one i nch in diameter; about 2.5 per cent gravel. Sample #217. 
B3 17 to 23 inches; dark reddish brown (SYR 2/2, moist) to dark 
brown (lOYR 4/2, dry) loam; weak fine subangular blocky 
structure; very friable; some small roots; about 50 per cent 
rock fragments . Sample #218 . 
R 23+ inches; fine - to coarse- grained, thin- to thick- bedded 
feldspathic sandstone with some slate. Sample #219. 
Profile 
\." I. 
I 
,.., 0 
A501 (Samples 220-228) 
'f Location: About 150 yards east of second beech gap west of Newfound 
Gap and about 75 feet south of the Appalachian Trail. 
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Vegetation: Spruce-fir, some spruce with a D. B. H. of about 24 inches; 
about 75 feet from the beech forest, 
Slope: 30°; azimuth 186°. 
Collected: September 15, 1965. 
01 4-1/2 to 3-1/2 inches; matted spruce and fir needles and twigs. 
Sample 1t220. 
02 3- 1/2 to 0 inch; black (SYR 2/1) muck with inclusions of dusky 
red (lOR 2/4) decomposing logs; many fibrous roots, some up to 
1/4 inch in diameter; abrupt wavy boundary. Sample #221. 
All 0 to 1-1/2 inches; black (SYR 2/1) greasy loam; weak fine 
granular structure; several small roots, some up to 1/2 inch 
in diameter; abrupt irregular boundary. Sample #222. 
Al2 1-1/2 to 3-1/2 inches; black (SYR 2/1, moist) to dark gray 
(5YR 4/1, dry) loam; weak fine granular structure; some roots 
up to about 1/2 inch in diameter; abrupt irregular boundary. 
Sample 1t223. 
A3 3- 1/2 to 6 inches; dark reddish brown (SYR 2/2, moist) to dark 
gray (lOYR 4/1, dry) loam; weak fine subangular blocky structure; 
some slate chips; abrupt irregular boundary. Sample #224. 
Bl 6 to 8 inches; dark brown (lOYR 4/3, moist) to pale brown 
(lOYR 6/3, dry) loam with tonguing from A horizon; weak fine 
subangular blocky structure. Sample #225. 
B2 8 to 28 inches; dark brown (lOYR 4/3, moist) to pale brown 
(lOYR 6/3, dry) loam; fine subangular blockystructure; 
some slate chips; few roots. Sample #226. 
B3 28 to 33 inches; dark grayish brown (lOYR 4/2, moist) to pale 
brown (lOYR 6/3, dry) loam; weak fine subangular blocky structure; 
several weathering slate fragments. Sample #227. 
R 33+ inches; thin- to medium-bedded, fine- to medium-grained 
feldspathic sandstone with phyllite and slate. Sample #228. 
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Profile B501 (Samples 229-236) 
Location : About 75 feet south of the Appalachian Trail at the crest of 
the second beech gap west of Newfound Gap. 
Vegetation : Mostly beech with a few yellow birch, buckeye, and small 
spruce; gound cover about 50 per cent consisting of Laportea 
and Carex with a few Solidago. 
Collected: September 15, 1965. 
01 2 to 1/2 inch; loose leaves and twigs of beech with a few forbs. 
Sample #229 . 
02 1/2 to 0 inch; decomposed litter. Sample #230. 
All 0 to 1-1/2 inches; very dark gray (lOYR 3/1, moist) to gray 
(lOYR 5/1, dry) loam; weak fine crumb structure; very friable; 
many fine roots; abrupt irregular boundary. Sample #231. 
Al2 1- 1/2 to 9 inches; very dark grayish brown (lOYR 3/2, moist) to 
grayish brown (lOYR 5/2, dry) loam; weak fine granular structure; 
many small roots; some up to 1/4 inch in diameter; some small 
animal activity; abrupt irregular boundary. Sample #232. 
B2 9 to 19 inches; dark brown (lOYR 4/2, moist) to pale brown 
(lOYR 6/3, dry) loam; weak fine subangular blocky structure; 
few small roots, some up to 1/4 inch in diameter; few slate 
fragments . Sample #233. 
B3 19 to 28 inches; dark brown (lOYR 4/3, moist) to pale brown 
(lOYR 6/3, dry) fine sandy loam; weak fine subangular blocky 
structure; roots rare; some slate fragments. Sample #234. 
C 28 to 34 inches; dark brown (10 YR 4/3, moist) to pale brown 
(lOYR 6/3 , dry) fine sandy loam; several weathering rock 
fragments . Sample #235 . 
R 34+ inches; thin- to medium-bedded, fine- to coarse-grained 
feldspathic sandstone, phyllite, and slate. Sample #236. 
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Profile A502 (Samples 237-245) 
Location : About 100 yards south of the Appalachian Trail and about 30 
feet west of boundary with beech in first beech gap west of 
Newfound Gap. 
Vegetation: Spruce - fir with some yellow birch; few witch hobble; 
ground cover about 50 per cent consisting of Oxalis, Dryopteris, 
and Senecio; windthrow moderate. 
Collected : September 16 , 1965. 
01 3 to 2-3/4 inches; leaves and twigs of spruce and fir with little 
yellow birch and forbs. Sample #237. 
@2 2- 3/4 to 0 inch; black (SYR 2/1) muck; many fine roots. Sample 
#238. 
All 0 to 1 inch; black (lOYR 2/1, moist) to dark gray (lOYR 4/1, dry) 
loam; weak fine granular structure; several small roots. 
Sample #239 . 
Al2 1 to 6 inches; very dark grayish brown (lOYR 3/2~ moist) to brown 
(lOYR 5/3, dry) loam; weak medium granular structure; some small 
roots . Sample #240. 
AB 6 to 9 inches; dark grayish brown (lOYR 4/2, moist) to brown 
(lOYR 5/3, dry) loam with some tongues of very dark grayish 
brown (lOYR 3/2); weak fine subangular blocky structure. 
Sample #241. 
B2 9 to 17 inches; dark brown (lOYR 4/3, moist) to yellowish brown 
(lOYR 5/4, dry) loam; weak fine subangular blocky structure. 
Sample #242. 
B3 17 to 25 inches; dark brown (lOYR 4/3, moist) to pale brown 
(lOYR 6/3, dry) sandy loam; weak fine subangular blocky structure; 
few roots; about 10 per cent weathering rock fragments. 
Sample #243 . 
C 25 to 32 inches; weathering rocks and dark yellowish brown 
(lOYR 4/4, moist) to very pale brown (lOYR 7/4, dry) loamy sand. 
Sample #244 . 
R 32+ inches; thin- to thick-bedded, fine- to coarse-grained 
feldspathic sandstone with some slate. Sample #245. 
Profile B502 (Samples 246-254) 
Location : About 80 y ards south of the Appalachian Trail in first 
beech gap west of Newfound Gap; about 75 feet northeest of 
profile A502. 
Vegetation: Beech with a few yellow birch and buckeye; ground cover 
about 50 per cent consisting of Laportea and Carex with a few 
Solidago. 
Collected : September 16, 1965. 
168 
01 1 to 1/4 inch; loose leaves and twigs, mostly beech. Sample #246. 
02 1/4 to 0 inch; matted litter. Sample #247. 
All 0 to 1-1/2 inches; very dark gray (lOYR 3/1, moist) to gray 
(lOYR 5/1, dry) loam; weak fine granular structure; many fine 
roots. Sample #248. 
Al2 1-1/2 to 5 inches; very dark brown (lOYR 2/2, moist) to gray 
(lOYR 5/1, dry) loam; weak fine granular structure; several 
small roots. Sample #249. 
AB 5 to 6-1/2 inches; dark grayish brown (lOYR 4/2, moist) to pale 
brown (lOYR 6/3, dry) loam; weak fine suba~gular blocky structure; 
several small roots. Sample #250. 
B2 6-1/2 to 16 inches; dark browrt (lOYR 4/3, moist) to pale brown 
(lOYR 6/3, dry) loam; weak fine subangular blocky structure; 
several small roots; few weathering rock fragments. Sample #251. 
B3 16 to 35 inches; dark brown (lOYR 4/3, moist) to pale brown 
(lOYR 6/3, dry) sandy loam; few roots; about 20 per cent rock 
fragments . Sample #252. 
C 35 to 50 inches; dark yellowish brown (lOYR 4/4, moist) to very 
pale brown (lOYR 7.4, dry) very fine loamy sand; about 20 per 
cent rock fragments. Sample #253. 
R 50+ inches; thin- to medium-bedded, fine- to coarse-grained 
feldspathic sandstone and phyllite. Sample #254. 
~ 
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Profile B503 (Samples 255-261) 
Location : About 15 feet north of the point where the Appalachian Trail 
leaves the crest and starts along the south slope of Mt. Mingus 
in the second beech gap west of Newfound Gap. 
Vegetation: Mostly beech with several yellow birch and some mountain 
maple; some blackberry and witch hobble; ground cover about 98 
per cent consisting of Dryopteris, Laportea, and Eupatorium. 
Collected : September 16 , 1965. 
01 1- 1/2 to 1/2 inch; loose leaves and twigs, mostly beech with 
some yellow birch and mountain maple. Sample #255. 
02 1/2 to 0 inch; matted litter, mostly decomposed. Sample #256. 
All 0 to 2 inches; very dark gray (lOYR 3/1, moist) to dark gray 
(lOYR 4/1, dry) loam; weak fine granular structure; many small 
roots. Sample #257. 
Al2 2 to 6 inches; very dark grayish brown (lOYR 3/2, moist) to dark 
grayish brown (lOYR 4/2, dry) loam; weak fine granular structure; 
many small roots, some up to one inch in diameter. 
Sample #258. 
B2 6 to 18 inches; dark brown (lOYR 4/3, moist) to brown (lOYR 5/3 , 
dry) loam; weak fine subangular blocky structure; several roots , 
some up to 1/2 inch in diameter. Sample #259. 
B3 18 to 23 i nches; dark yellowish brown (lOYR 4/4 , moist) to pale 
brown (lOYR 6/3, dry) sandy loam; weak fine subangular blocky 
structure; some roots up to 1/4 inch in diameter; many slate 
chips . Sample #260. 
R 23+ inches; thin- to medium-bedded, fine- to medium-grained 
feldspathic sandstone and slate . Sample #261. 
~ 
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Profile A503 (Samples 262-268) 
Location: About 20 feet north of the Appalachian Trail and 100 yards 
east of the second beech gap west of Newfound Gap. 
Vegetation : Spruce - fir with some yellow birch and mountain maple; 
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some witch hobble; ground cover about 95 per cent consisting 
mostly of Dryopteris and Senecio with some Oxalis and Lycopodium. 
Slope : 17°, azimuth 5°. 
Collected: September 16, 1965. 
01 2 to 1-1/2 inches; loose leaves and twigs, mostly spruce and 
fir with some yellow birch and mountain maple; few fine roots. 
Sample 1t2 62. 
02 1-1/2 to 0 inch; black (SYR 2/1) muck; many fine roots. 
Sample 1t263. 
All 0 to 2 inches; very dark gray (lOYR 3/1, moist) to dark gray 
(lOYR 4/1, dry) loam; weak fine granular structure; many 
fine roots. Sample #264. 
Al2 2 to 5 inches; very dark grayish brown (lOYR 3/2, moist) to 
grayish brown (lOYR 5/2, dry) loam; weak fine granular 
structure; many fine roots. Sample #265. 
B2 5 to 15 inches; dark brown (lOYR 3/3, moist) to grayish brown 
(lOYR 5/2, dry) loam; weak fine subangular blocky structure; 
several small roots up to 1/4 inch in diameter. Sample #266. 
B3 15 to 25 inches; dark yellowish brown (lOYR 4/4, moist) to 
pale brown (lOYR 6/3, dry) sandy loam; weak fine subangular 
blocky structure; several small roots; about 40 per cent rock 
fragments . Sample #267. 
R 25+ inches; thin- to medium-bedded , fine- to coarse-grained 
feldspathic sandstone. Sample #268. 
Profile A601 (Samples 269-279) 
Location: About 10 feet southwest of old trail at top of peak of 
Mt. Mingus nearest the Indian Gap parking lot. 
Vegetation: Spruce-fir with some yellow birch and mountain maple; 
several large trees; windthrow heavy but not recent, logs moss 
covered; ground cover about 50 per cent consisting mainly of 
Oxalis and Senecio. 
Collected : September 16, 1965. 
01 5-1/2 to 4- 1/2 inches; loose leaves and twigs, mostly fir with 
several spruce and some yellow birch and mountain maple; many 
fine roots. Sample #269. 
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021 4-1/2 to 2 inches; coarse, black (SYR 2/1) muck; many fine roots, 
some up to 1/2 inch in diameter. Sample #270. 
022 2 to 0 inch; black (5 YR 2/1) 
up to 1-1/4 inch in diameter. 
"greasy" muck; sever a 1 roots, some 
Sample 11271. 
Al 0 to 1/2 inch; black (N 2/ ) "greasy" silt loam; dark gray (N 4/ ) 
when dry; weak fine granular structure; friable; few roots; 
abrupt irregular boundary. Sample #272. 
A2 1/2 to 2-1/2 inches; very dark gray (lOYR 3/1, moist) to gray 
(lOYR 6/1, dry) silt loam; weak medium granular structure; 
friable; few roots; abrupt wavy boundary. Sample #273. 
B2h 2-1/2 to 5 inches; very dark gray (5YR 3/1, moist) to gray 
(lOYR 5/1, dry) loam; moderate medium subangular blocky structure; 
firm; some weathering slate chips; abrupt wavy boundary. 
Scimp le 112 7 4. 
B2ir 5 to 6-1/2 inches; very dark gray (5YR 3/1, moist) to gray 
(lOYR 5/1, dry) loam; weak fine su.bangular blocky structure; 
friable; abrupt broken boundary. Sample #275. 
A'2 6-1/2 to 10-1/2 inches; gray (N 5/ , moist) to light gray 
(N 6/ , dry) silt loam; common medium prominent yellowish brown 
(lOYR 5/4, moist) to light yellowish brown (lOYR 6/4, dry) 
mottles; moderate medium subangular blocky structure; firm; 
some slate chips; abrupt wavy boundary. Sample #276. 
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B'2 10-1/2 to 17- 1/2 inches; dark yellowish brown (lOYR 4/4, moist) 
to pale brown (lOYR 6/3, dry) loam; weak subangular blocky 
structure; few prominent fine yellowish red (5YR 5/6) mottles; 
slate common. Sample #277. 
C 17-1/2 to 22 inches; olive brown (2.5Y 4/4, moist) to brown 
(lOYR 5/3, dry) loam; many slate fragments. Sample #278. 
R 22+ inches; black slate, rust-stained surface. Sample #279. 
Profile A701 (Samples 280-287) 
Location: About 30 feet east of the Appalachian Trail at the top of 
Mt. Collins . 
Vegetation: Spruce-fir with a few yellow birch, trees from seedling 
size up to about three feet D. B. H.; windthrow heavy but not 
recent; ground cover about 100 per cent consisting of Oxalis, 
Dryopteris, and Aster; some witch hobble and blueberry. 
Slope: Oo; at top of dome-shaped crest. 
Collected: September 17, 1965. 
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01 4 to 3 inches; matted leaves and twigs of fir and spruce; several 
fine roots. Sample #280. 
02 3 to 0 inch; black (5YR 2/1) "greasy" muck; many small roots. 
Sample 41281. 
Al 0 to 1- 1/2 inches; black (N 2/ , moist) to gray (N 5/ , dry) 
sandy loam; weak coarse granular structure; some small roots; 
abrupt wavy boundary. Sample #282. 
A2 1- 1/2 to 4-1/2 inches; dark gray (lOYR 4/1, moist) to light gray 
(lOYR 6/1, dry) fine sandy loam; weak fine subangular -blocky 
structure; abrupt wavy boundary. Sample #283. 
B2h 4- 1/2 to 6 inches; very dusky red (2.5YR 2/2 , moist) to dark 
gray (5YR 4/1, dry) sandy loam; weak fine subangular blocky 
structure; abrupt wavy boundary. Sample #284. 
B2ir 6 to 8 inches; reddish brown (5YR 3/2, moist) to dark grayish 
brown (lOYR 4/2, dry) sandy loam; weak fine subangular blocky 
structure; abrupt wavy boundary. Sample #285. 
B3 8 to 19 inches; dark yellowish brown (lOYR 4/4 , moist) to pale 
brown (lOYR 6/3, dry) sandy loam; weak fine subangular blocky 
structure; few light gray (lOYR 7/2) mottles. Sample #286. 
R 19+ inches; medium- to coarse- grained , thin- to thick- bedded 
feldspathic sandstone; some conglomerate beds. Sample #287 . 
Profile A702 (Samples 288-295) 
Location : About 30 feet west of the Appalachian Trail at the top of 
Mt. Collins . 
Vegetation : Spruce-fir with a few yellow birch; windthrow heavy but 
not recent; several shrubs, mostly witch hobble and some blue-
berry; ground cover about 100 per cent consisting of 
Oxalis, Dryopteris, and Aster. 
Collected : September 17, 1965. 
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01 2 to 1 inch; matted leaves and twigs of fir and spruce; several 
fine roots. Sample #288. 
02 1 to 0 inch; black (5YR 2/1) muck; many small roots, some up to 
1/2 inch in diameter. Sample #289. 
Al 0 to 1 inch; black (lOYR 2/1, moist) to gray (lOYR 5/1, dry) 
fine sandy loam; weak fine granular structure; several small 
roots , some up to one inch in diameter; abrupt wavy boundary. 
Sample 1!2 90. 
B2h 1 to 3-1/2 inches; very dusky red (lOR 2/2 , moist) to gray (5YR 
5/1 , dry) fine sandy loam; weak fine subangular blocky structure; 
abrupt irregular boundary extending d·own to nine inches in 
places. Sample #291 . 
B2ir 3- 1/2 to 4 inches; dark reddish brown (5YR 3/3, moist) to pale 
brown (lOYR 6/3, dry) sandy loam; weak fine subangular blocky 
structure; abrupt irregular to broken boundary . Sample #292. 
B3 4 to 12- 1/2 inches; dark brown (lOYR 4/3, moist) to pale brown (lOYR 6/3 , dry) loamy sand; few medium distinct light brownish 
gray (lOYR 6/2) mottles; weak fine subangular blocky structure. 
Sample #293. 
C 12- 1/2 to 13 inches; weathering sandstone; abrupt irregular 
boundary . Sample #294 . 
R 13+ inches; medium- to coarse-grained, medium- to thick-bedded 
feldspathic sandstone; some conglomerate beds. Sample #295. 
Profile A602 (Samples 296-302) 
Location: About 10 feet southwest of old trail at top of peak of Mt. 
Mingus nearest the Indian Gap parking lot; about 40 feet east 
of profile A601. 
Vegetation: Spruce-fir with some yellow birch and mountain maple; 
several large trees; windthrow heavy but not recent, logs moss 
covered; ground cover about 50 per cent consisting mainly of 
Oxa lis a nd Senecio . 
Slope : 17°, azimuth 230°. 
Collected : September 17, 1965. 
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01 3-1/2 to 2-1/2 inches; relatively undecomposed leaves and twigs 
of fir and spruce with some yellow birch and mountain maple; 
many fine roots. Sample #296. 
02 2-1/2 to 0 inch; black (SYR 2/1) "greasy" muck; several small 
roots. Sample #297. 
All 0 to 1/4 inch; black (SYR 2/1) "greasy" silt loam; weak coarse 
granular structure; several small roots; abrupt wavy boundary. 
No sample collected. 
Al2 1/4 to 4 inches; very dark gray (SYR 3/1, moist) to gray (lOYR 5/1, dry) silt loam; weak coarse granular structure; few 
small roots. Samp.le /F298. 
AB 4 to 5- 1/2 inches; dark gray (lOYR 4/1, moist) to pale brown (lOYR 6/3, dry) silt loam to loam; common fine prominent 
yellowish brown (lOYR 5/6) mottles; moderate fine subangular 
blocky structure; firm; abrupt irregular boundary. 
Sample /F2 99. 
B2 5-1/2 to 12 inches; dark yellowish brown (lOYR 4/4, moist) to 
pale brown (lOYR 6/3, dry) loam; weak fine subangular blocky 
structure. Sample #300. 
B3 12 to 17 inches; dark brown (lOYR 4/3, moist) to pale brown (lOYR 6/3, dry) fine sandy loam; weak fine subangular blocky 
structure; several slate fragments. Sample #301. 
R 17+ inches; black slate, surface rust-stained. Sample #302. 
APPE NDIX B 
ANALYTICAL DATA 
TABLE XVI 
pH OF SAMPLES FROM AREA 1 NEAR SPRUCE MOUNTAIN 
Sample 1fo pH Sample 1fo pH 
1 3 . 5 35 4.3 
2 3.4 36 3 . 9 
3 3.5 37 3.7 
4 3.4 38 4.1 
5 3.4 39 4.8 
6 3.4 40 
7 3 . 7 41 6.2 
8 4.2 42 4. 9 
9 43 3.7 
10 4.9 44 4.1 
11 3.7 45 4.4 
12 3.8 46 4.6 
13 3 . 9 47 
14 4.2 48 4.6 
15 4 .2 49 3.6 
16 4.3 50 3.7 
17 4. 6 51 4.3 
18 52 4.6 
19 4 . 2 53 4. 7 
20 3.8 54 
21 3.6 55 4.6 
22 3.5 56 3.5 
23 3 . 9 57 3 . 9 
24 4 .4 58 3.9 
25 4.7 59 4.0 
26 60 4.4 
27 4.5 61 
28 3.6 62 5.4 
29 3.8 63 4 .8 
30 4.2 64 3.9 
31 4.4 65 4.0 
32 4.7 66 4.4 
33 67 4 . 8 
34 6.3 68 
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TABLE XVII 
pH OF SAMPLES FROM AREA 2 AT DOUBLE SPRING GAP 
Sample # pH Sample 1t pH 
69 6.5 102 4 . 7 
70 5 . 6 103 4 . 7 
71 5 .4 104 5 . 2 
72 5 . 1 105 5.5 
73 5 . 1 106 
74 5 . 2 107 4.4 
75 5 . 7 108 4.2 
76 109 4 . 6 
77 5 . 9 110 5 . 1 
78 5 . 8 111 5 . 2 
79 4 . 9 112 
80 4 . 8 113 4.6 
81 4 . 8 114 4 . 1 
82 5 . 2 115 4 . 2 
83 116 4 . 9 
84 6.1 117 5 . 3 
85 5 . 7 118 
86 5.2 119 5 . 1 
87 5 . 1 120 4 . 0 
88 4 . 9 121 4.1 
89 5.0 122 4 . 5 
90 123 4 . 8 
91 5 . 6 124 4 . 7 
92 5 . 2 125 
93 5 . 3 126 4 . 5 
94 5 . 3 127 4 .4 
95 5 . 1 128 4 . 3 
96 5 . 4 129 4 . 6 
97 130 4 . 7 
98 5 . 8 131 4 . 7 
99 4 . 7 132 4 . 8 
100 4 . 7 133 
101 4 . 7 
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TABLE XVIII 
pH OF SAMPLES FROM AREA 3 NEAR Mr. KEPHART 
Sample 1t pH Sample 1t pH 
134 5.0 154 
135 4 .8 155 4 . 7 
136 5 . 0 156 4 . 7 
137 5 . 1 157 4 . 7 
138 5.4 158 4 .4 
139 5 . 5 159 5 . 0 
140 160 
141 4.6 161 6.4 
142 4 .4 162 4.6 
143 5 . 2 163 4 . 6 
144 5 . 5 164 4 . 6 
145 5 . 9 165 4 .8 
146 5 . 9 166 5 . 3 
147 167 
148 5 . 9 168 5 . 6 
149 5 . 6 169 5 . 2 
150 5 . 1 170 5 . 3 
151 5 . 2 171 5 .3 
152 5 . 3 172 5 . 3 
153 5 . 2 173 
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TABLE XIX 
pH OF SAMPLES FROM AREA 4 AT COSBY KNOB 
Sample If pH Sample iff: pH 
174 4 . 5 197 5 .4 
175 3 . 9 198 4 .4 
176 5.0 199 4 . 5 
177 5.0 200 4 .5 
178 5 .4 201 5 . 7 
179 5 . 6 202 6.0 
180 203 5 . 6 
181 3 . 8 204 5 .4 
182 3.7 205 
183 4 . 5 206 5 . 6 
184 5 . 1 20 7 3 . 7 
185 5 . 2 208 4 . 0 
186 5 . 3 209 4 . 7 
187 5 . 6 210 5 . 6 
188 5 . 6 211 .5 . 6 
189 212 
190 5 .2 213 5 . 1 
191 3 . 9 214 5 . 1 
192 4 . 0 215 4 . 5 
193 4 . 8 216 4 . 9 
194 5 . 4 217 5. 2 
195 5 . 3 218 5 .2 
196 219 
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TABLE XX 
pH OF SAMPLES FROM AREA 5 NEAR NEWFOUND GAP 
Sample iff pH Sample 11 pH 
220 5 . 3 245 
221 4 . 6 246 5 . 2 
222 4 . 3 247 4 .4 
223 3.9 248 4 . 5 
224 4 . 0 249 4 .4 
225 4 . 7 250 4 . 6 
226 5 . 2 251 4.6 
227 5.5 252 5.3 
228 253 5 . 5 
229 5 . 7 254 
230 5 . 1 255 5 .4 
231 4 . 8 256 5 . 0 
232 4 . 9 257 4 . 2 
233 5 . 1 258 4 . 6 
234 5 . 2 259 4 . 6 
235 5 .4 260 4 . 9 
236 261 
237 4 . 3 262 4 . 8 
238 4 . 1 263 4 . 7 
239 3 . 9 264 3 . 8 
240 4 . 1 265 4 . 6 
241 4 . 5 266 4 . 6 
242 4 . 5 267 5 . 3 
243 4 . 8 268 
244 5 .4 
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TABLE XXI 
pH OF SAMPLES FROM AREA 6 ON MT, MINGUS AND AREA 7 ON Mr. COLLINS 
Sample 4ft pH Sample 4ft pH 
269 4 . 5 286 5.0 
270 4.0 287 
271 4 . 1 288 4 . 3 
272 4.1 289 3 .8 
273 3.8 290 3 . 5 
274 3 . 6 291 3.9 
275 3 . 9 292 4 . 5 
276 4.6 293 4.7 
277 4.8 294 5 . 2 
278 5.2 295 
279 296 4 . 5 
280 4 . 9 297 4 . 3 
281 4.5 298 3 . 8 
282 4 . 1 299 4 . 1 
283 4 . 3 300 4 . 5 
284 4 . 1 301 4.9 
285 4.4 302 
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TABLE XXII 
CATION EXCHANGE CAPACITY IN MILLIEQUIVALENTS PER 100 GRAMS OF SOIL 
Sample 1i C.E. C. Sample 1ft C.E.C. Sample 1i C.E.C. 
2 108 . 0 120 50 . 2 233 6 . 1 
3 33 . 9 121 26 . 0 234 4 . 0 
4 22 . 0 122 19 . 5 235 4 .2 
5 16 . 7 123 13 . 6 269 72 . 4 
6 14 . 2 124 14.0 2 70 107 . 5 
7 14 . 2 127 70 . 0 271 105 . 7 
8 8 . 2 128 37 . 5 272 51.5 
28 34 . 0 129 26 . 3 273 13 .7 
29 15 . 7 130 15 . 7 274 12 . 5 
30 7 . 6 131 15 . 3 275 11.9 
31 16 . 3 132 11. 3 276 5 . 7 
32 7. 4 175 61.9 277 16 . 0 
43 24 . 9 176 25 . 9 280 69 . 3 
44 18 . 2 177 23.2 281 93 . 0 
45 11.4 178 21.8 282 11.4 
46 9 . 4 179 23.1 283 4 . 9 
71 18 . 0 215 25 . 9 284 15 . 6 
72 16 . 2 216 29 . 3 285 13 . 1 
73 13 . 2 217 27 . 1 286 7. 4 
74 9.4 218 26 . 5 288 77. 4 
75 6 . 4 220 66 . 7 289 99 . 9 
86 19 . 2 221 77 . 6 290 19 . 6 
87 12 . 4 222 54 . 4 291 8 . 8 
88 11.4 223 25 . 7 292 7 . 2 
89 10 . 3 224 22 . 1 293 4 . 5 
93 20 . 8 225 14 . 5 296 72 . 7 
94 12 . 5 226 12 . 3 297 75 . 3 
95 10 . 2 227 7 . 1 298 19. 4 
96 7 . 5 229 55 . 1 299 19 . 7 
109 28 . 3 230 49 . 4 300 9 . 6 
110 18 . 7 231 18 . 3 301 13 .2 
111 13 . 9 232 12 . 7 
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TABLE XXIII 
MILLIEQUIVALENTS OF EXTRACTABLE CALCIUM PER 100 GRAMS OF SOIL 
Sample it Ca Sample it Ca Sample it Ca 
2 1. 74 120 1. 32 233 0 . 17 
3 0 . 28 121 0 . 30 234 0.02 
4 0.15 122 0.10 235 0 . 05 
5 0 . 05 123 0.05 269 12 . 12 
6 0.05 124 0 . 15 270 6.37 
7 0 . 05 127 1.89 271 3 . 25 
8 0.02 128 0.10 272 0.60 
28 2 . 00 129 0.05 273 0 . 12 
29 0 .45 130 0.02 274 0 . 05 
30 0.18 131 0 .02 275 0.07 
31 0 . 05 132 0.05 276 0.05 
32 0 . 02 175 2 .49 277 0 . 02 
43 0 . 98 176 0 . 24 280 10 . 04 
44 0 . 22 177 0 . 10 281 2.45 
4.5 0.08 178 0 . 02 282 0 . 20 
46 0.05 179 0 . 05 283 0 . 10 
71 0 . 70 215 2.42 284 0 . 07 
72 0 . 28 216 0 . 08 285 0 . 05 
73 0 . 12 217 0 . 05 286 0 . 02 
74 0 . 18 218 0 . 05 288 8 . 00 
75 0 . 12 220 14 . 92 289 1.57 
86 0 .42 221 7. 92 290 0 .2 0 
87 0 . 18 222 2 . 08 291 0. 07 
88 0 .18 223 0 .40 292 0 . 05 
89 0 , 20 224 0 . 30 293 0 . 02 
93 0 . 38 225 0 . 20 296 20 . 50 
94 0 . 12 226 0 . 05 297 6.40 
95 0 . 10 227 0 . 05 298 0 . 38 
96 0 . 18 229 23 . 24 299 0 . 12 
109 0 . 53 230 16.75 300 0 . 12 
110 0 . 10 231 0.90 301 0 . 02 
111 0 . 12 232 0.25 
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TABLE XXIV 
MILLIEQUIVAI.ENTS OF EXTRACTABlE MAGNESIUM PER 100 GRAMS OF SOIL 
Sample 1t Mg Sample 1t Mg Sample tt Mg 
2 1.82 120 0 . 82 233 0 . 08 
3 0 . 35 121 0 . 30 234 0 . 08 
4 0 . 21 122 0 . 22 235 0 . 04 
5 0 . 17 123 0 . 17 269 2 . 36 
6 0 . 12 124 0 . 17 270 1. 88 
7 0 . 17 127 2 . 15 271 1. 87 
8 0 . 12 128 0 . 52 272 0 . 53 
28 1.00 129 0 . 30 273 0 . 17 
29 0 . 25 130 0 . 17 274 0 . 17 
30 0 . 12 131 0 . 12 275 0 . 12 
31 0.12 132 0 . 12 276 0 . 08 
32 0 . 08 175 1.35 277 0 . 08 
43 0 . 52 176 0 . 20 280 4 . 06 
44 0 . 30 177 0 . 16 281 2 . 42 
45 0.17 178 0 . 12 282 0 .2 5 
46 0 . 08 179 0 . 17 283 0 . 08 
71 0 . 42 215 0 . 87 284 0 . 12 
72 0 . 21 216 0 . 44 285 0 . 12 
73 0 . 12 217 0 . 17 286 0 . 08 
74 0 . 12 218 0 . 12 288 2. 77 
75 0 . 08 220 2 . 75 289 2. 19 
86 0 . 42 221 .2. 77 290 0 .34 
87 0 . 26 222 1.18 291 0 . 08 
88 0 . 17 223 0 . 34 292 0 .12 
89 0 . 17 224 0 . 30 293 0 . 08 
93 0 . 43 225 0 . 12 296 4 . 68 
94 0 . 26 226 0 . 12 297 1. 63 
95 0 . 17 227 0 . 08 298 0 .2 1 
96 0 . 08 229 7 . 17 299 0 . 17 
109 0 . 47 230 4 . 96 300 0 . 17 
110 0 . 17 231 0 . 52 301 0 . 08 
111 0 . 17 232 0 . 17 
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TABLE XXV 
MILLIEQUIVALENTS OF EXTRACTABLE POTASSIUM PER 100 GRAMS OF SOIL 
Sample iff K Sample 11 K Sample 11 K 
2 0 . 59 120 0 . 35 233 0 . 05 
3 0.20 121 0 . 16 234 0 . 01 
4 0.16 122 0.13 235 0 . 01 
5 0.12 123 0.09 269 L '75 
6 0.05 124 0.07 270 0, 72 
7 0 . 05 127 0.94 271 0.52 
8 0.03 128 0 . 30 272 0.30 
28 0.45 129 0.20 273 0 . 09 
29 0.18 130 0.07 274 0 . 05 
30 0.06 131 0.04 275 0.05 
31 0 . 07 132 0 . 04 276 0.04 
32 0.06 175 0 . 73 277 0.04 
43 0.43 176 0.11 280 4 . 94 
44 0.20 177 0 . 10 281 0 . 66 
45 0.07 178 0 . 08 282 0 . 08 
46 0.05 179 0.14 283 0 . 03 
71 0.41 215 0 . 29 284 0 . 04 
72 0.21 216 0 . 22 28.5 0 . 03 
73 0 . 08 217 0 . 09 286 0 . 01 
74 0 . 06 218 0.04 288 3 . 77 
75 0 . 03 220 1. 83 289 0.67 
86 0.29 221 0 . 85 290 0 . 14 
87 0,13 222 0 ,43 291 0 . 03 
88 0.08 223 o. 15 292 0 . 01 
89 0 . 09 224 0 . 13 293 0 . 01 
93 0 . 34 225 0.09 296 2 016 
94 0 , 12 226 0.05 297 0 , 64 
95 0,03 227 0.03 298 o. 11 
96 0 , 03 229 2 . 80 299 0.04 
109 0.29 230 2,08 300 0 , 04 
110 0.12 231 0.38 301 0 . 01 
111 0.07 232 0.16 
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TABLE XXVI 
MILLIEQUIVALENTS OF EXTRACTABLE SODIUM PER 100 GRAMS OF SOIL 
Sample II Na Sample if Na Sample 1f Na 
2 0 . 20 120 0 . 07 233 0.08 
3 0.13 121 0 . 04 234 0 . 07 
4 0.10 122 0.04 235 0.07 
5 0.05 12.3 0.03 269 0 .2 5 
6 0 , 06 124 0 , 03 270 0 ,20 
7 0 , 07 127 0 .13 271 0 . 12 
8 0 . 02 128 0 . 07 272 0.18 
28 0 . 07 129 0 . 06 273 0 . 07 
29 0 . 06 130 0 . 03 274 0 . 06 
30 0 . 03 131 0 . 03 275 0 . 07 
31 0 . 03 132 0.04 276 0 . 07 
32 0 . 02 175 0.09 27'7 0 . 06 
43 0.07 176 0 . 03 280 0 . 17 
44 0.04 177 0.03 281 0 . 13 
45 0.04 178 0 . 02 282 0 . 08 
46 0.03 179 0 . 03 283 0.06 
71 0.09 215 0 . 10 284 0 . 07 
72 0.04 216 0 . 09 285 0 . 07 
73 0 . 04 217 0 . 04 286 0 . 07 
74 0 . 03 218 0 . 07 288 0 . 17 
75 0 . 03 220 0 .24 289 0 .20 
86 o . b5 221 0.14 290 0 .11 
87 o . b4 222 0.07 291 0 . 08 
88 0.04 22.3 0.03 292 0 . 08 
89 0 . 05 224 0 . 08 293 0 .0 7 
93 0.06 225 0 . 08 296 0.22 
94 0 . 04 226 0 . 06 297 0.12 
95 0 . 03. 227 0.06 298 0 . 09 
96 0 . 03 229 o . 11 299 0.08 
109 0 . 0.5 230 0 . 10 300 0 . 08 
110 0 . 04 2.31 0.09 301 0 . 06 
111 0 . 04 232 0 . 06 
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TABLE XXVII 
PER CENT NITROGEN IN SOIL SAMPLES 
Sample fl N Sample fl N Sample fl N 
1 1. 90 96 0 , 08 226 0 . 14 
2 2.21 107 2' 19 227 0.10 
3 0.73 108 1.54 229 2.02 
4 0.38 109 0.51 230 1.62 
5 0,20 110 0.26 231 0.54 
6 0 . 16 111 0 . 16 232 0 , 30 
7 o. 12 119 2 . 14 233 0 . 08 
8 0.06 120 1. 09 234 0.04 
27 2 . 15 121 0.53 235 0.02 
28 0.90 122 0.36 269 1. 92 
29 0.33 123 0.27 270 2 . 20 
30 0 . 10 124 0.28 271 1.83 
31 0 . 16 126 1. 90 272 1.07 
32 0 . 06 127 1.23 273 0 .20 
41 2 . 16 128 o. 72 274 0 . 14 
42 2 . 10 129 0 . 51 275 0 , 18 
43 0.70 130 0.25 276 0 . 05 
44 0 . 46 131 0 . 21 27 7 0 . 08 
45 0 . 12 1.32 0 . 16 280 1.88 
46 0 , 09 174 2 . 19 281 1. 78 
69 2 . 33 175 1. 60 282 0 .25 
70 1. 63 176 0 . .37 283 0 . 05 
71 0 . 41 177 0 . 28 284 0 . 10 
72 0 . 35 178 0.19 285 0 . 08 
73 0 . 22 179 0.29 286 0 . 05 
74 0 . 14 213 2 . 24 288 1. 90 
75 0,02 214 2.24 289 1.84 
84 2 . 32 215 0 . 75 290 0.46 
85 1.87 216 0 , 63 291 0 . 11 
86 0 .44 217 0.41 292 0 , 06 
87 0 .2 6 218 0 . 36 293 0 , 03 
88 0 , 21 220 1.86 296 2 . 09 
89 o. 17 221 2 . 06 297 1.53 
91 2.32 222 1.22 298 0 . 30 
92 1.71 223 0 . 47 299 0 . 08 
93 0.55 224 0.38 300 0 . 09 
94 0.28 225 0 . 18 301 0 , 09 
95 0 ' 17 
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TABLE XXVIII 
PERCENTAGES OF ORGANIC CARBON AND FREE IRON OXIDES IN SOIL SAMPLES 
Sample fl c Fe 2o3 
93 6.78 2 . 61 
94 3.49 2 . 84 
95 1.82 2.57 
96 0.88 1.52 
128 14.65 2.68 
129 8.66 3.05 
130 3 . 54 3 .27 
131 2.13 2 . 92 
132 2 . 36 2 . 83 
222 29.80 1.84 
223 9.39 3.34 
224 8.49 4 . 20 
225 2.98 4.84 
226 1. 98 4.84 
227 1. 35 3 . 59 
231 11.49 3 . 90 
232 4. 77 4 . 61 
233 1. 01 4 . 13 
234 0 . 36 4 . 15 
235 0 . 21 3 . 56 
271 52 . 15 0 .45 
272 27 . 42 0 . 95 
273 5.60 1.72 
274 3.27 2 .04 
275 3 . 66 2 . 26 
276 1. 05 1.51 
277 0 . 95 2 . 59 
282 4 . 51 0 . 00 
283 1.12 0 . 00 
284 2.75 1. 73 
285 1. 95 2 . 57 
286 0 . 92 1.77 
290 7 . 94 0.41 
291 2 . 62 0 . 80 
292 1. 65 1.40 
293 0.30 1.24 
298 7. 52 3 .09 
299 1. 56 4 . 18 
300 1.26 3 . 22 
301 1.32 5.09 
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TABLE XXIX 
MILLIEQUIVALENTS OF EXCHANGEABLE HYDROGEN PER 100 GRAMS OF SOIL 
Sample 11 H Sample 11 H 
93 1.00 271 10 . 84 
94 0.22 272 9.44 
95 0 . 15 273 2 , 16 
96 0 . 08 274 2 . 05 
126 10.12 275 0.92 
127 6 . 87 276 0 . 65 
128 5 . 52 277 0 . 51 
129 1. 81 280 11.57 
130 0 . 06 281 10 . 14 
131 0.13 282 2 . 37 
132 0 . 11 283 1.16 
220 9 . 30 284 1.84 
221 8 . 18 285 1.12 
222 6 . 00 286 0 . 05 
223 2 . 63 288 14 . 06 
224 4.32 289 13 . 14 
225 2 . 01 290 2 .43 
226 0 . 62 291 1.40 
227 0 . 05 292 1.24 
231 1. 92 293 0 .5 1 
232 0 . 64 296 9. 51 
233 0 . 33 297 7. 25 
234 0 . 21 298 2 . 06 
235 0 . 16 299 1.33 
269 11.39 300 0 . 66 
270 11 . 35 301 0 . 05 
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TABLE XXX 
MILLIEQUIVALENTS OF EXCHANGEABLE ALUMINUM PER 100 GRAMS OF SOIL 
Sample 1f Al Sample 1f Al 
93 5.83 271 9. 74 
94 5 . 03 272 5.42 
95 4 . 22 273 3.66 
96 3.66 274 3 . 82 
126 2 . 38 275 4 . 89 
127 13 . 50 276 3 . 53 
128 11.76 277 6.15 
129 9 . 07 280 3 . 58 
130 5 . 86 281 10 . 42 
131 5 . 47 282 1. 93 
132 4 . 95 283 2.36 
220 1.49 284 5 . 90 
221 7.59 285 6 . 13 
222 7 . 23 286 4 . 37 
223 7 . 55 288 3.19 
224 8 . 03 289 13 . 17 
225 7 . 89 290 3 . 73 
226 4 . 89 291 3.07 
227 2 . 59 292 3.01 
231 5 .48 293 2.42 
232 4 . 60 296 1.14 
233 2 , 81 297 5.78 
234 1.31 298 6. 74 
235 1.51 299 4.67 
269 1.51 300 6.03 
270 8 . 70 301 3.37 
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TABLE XXXI 
PER CENT OF DRY WEIGHT OF SOIL SAMPLE LESS THAN 2. 0 MILLIMETERS 
Sample 11 Per Cent Sample 11 Per Cent 
3 91.0 128 98 . 9 
4 42.1 129 97 . 4 
5 83.6 130 99.1 
6 84.0 131 97 . 7 
7 97 . 8 132 89 . 8 
8 68 . 3 176 57.2 
12 80 . 1 177 59 . .5 
13 85.3 178 63 . 3 
14 80.8 17 9 67 . 1 
15 81.8 215 31.1 
16 91.8 216 56.1 
17 71.2 217 72 . 3 
29 42.6 218 52 . 6 
30 81.2 222 67 . 5 
31 67.9 223 74 . 4 
32 86.9 224 73 . 8 
36 54.9 225 87 . 9 
37 63.1 226 86 . 1 
38 64.6 227 64 . 3 
39 67 . 2 231 83 . 6 
43 83 . 1 232 85 . 7 
44 85 . 6 233 76 . 5 
45 69 . 8 234 75 . 2 
46 48.7 235 79 . 6 
71 98 . 5 272 99 . 2 
72 99 . 94 273 97.9 
73 99 . 94 274 86 . 3 
74 98 . 6 275 89 . 4 
75 99 . 9.5 276 7.3 . 0 
86 98 . 9 277 63 . 4 
87 99.1 282 98 . 1 
88 98 . 3 283 98 . 1 
89 42 . 5 284 92 . 5 
93 95 . 8 28.5 92 . 4 
94 98 . 9 286 93 . 1 
95 98.4 290 98 . 7 
96 96.0 291 98.4 
109 98 . 6 292 97 . 3 
110 99.93 293 94.7 
111 65.0 298 95 . 5 
121 98.2 299 95 . 3 
122 97 . 9 300 86 . 9 
123 99 . 2 301 49 . 1 
124 82 . 9 
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TABLE XXXII 
PER CENT OF PARTICLES IN SOIL SEPARATES BY PIPETTE METHOD 
Sample 11 Very Coarse Medium Fine Very Coarse Fine 
coarse 
sand sand sand fine silt silt Clay 
sand sand 
93 4 . 8 9.6 8 . 6 12.9 14.2 13.8 18.8 17 .3 
94 4 .7 8.1 8 . 9 12.5 13 . 9 16.2 18.2 17 . 5 
95 3 . 9 9 . 0 9.1 13 . 1 14.3 16 .8 16.8 17.0 
96 4 . 3 11.7 12.6 16.6 19 . 6 16.5 10.3 8 . 4 
128 7 . 5 9 .4 7.1 7.5 8.7 11.1 27.5 21.2 
12 9 4 . 5 9 .4 8.4 11.4 11.1 14.7 19 . 5 20.9 
130 4 . 3 8 . 3 7 . 9 10 . 6 11.8 14.7 21.4 21.1 
131 3.8 6 . 3 7 . 4 11.3 12 . 8 15.3 22.7 20.4 
132 4. 7 8.5 8.5 13.8 15.1 12.6 21.0 15 . 8 
222 7.5 9 .4 7. 1 7.5 8 .7 11.1 27.5 21.2 
223 8.3 9 . 3 6 . 5 7 . 5 9.1 12 . 2 23 . 4 23 .7 
224 10 . 0 11.6 6.2 6.3 7.5 11.4 23.7 23.3 
225 10.8 10.2 6.1 6 . 3 7.3 12.6 22 . 5 24.1 
226 6 . 3 10.1 7.1 8 . 2 7.2 13.9 23 . 8 23.4 
227 12.0 12.4 7.1 8 . 8 11.0 16.1 21.2 11.3 
231 6.4 9 . 8 8 . 0 9.5 9.1 11.5 23.6 22.1 
232 6 . 4 9.1 7.5 8 . 9 9 . 5 11.5 21.5 25 . 6 
233 5 . 9 10.4 7.0 9.5 12.8 15 . 6 22.8 15 . 9 
234 6 . 5 11.0 7 . 1 12.1 19.6 15.0 20.2 8 . 5 
235 4 . 4 10 . 5 8 . 1 15 .2 24.1 16.3 16 . 5 4 . 9 
272 2.8 4 . 6 5 .7 9 . 5 9.3 12.2 44 . 3 11.7 
273 2.2 5.1 5.9 8 . 4 9 . 6 16 . 1 39 . 9 12 . 8 
274 3 . 0 6 . 3 8.1 11.0 ll.8 16 . 1 31.3 12 .4 
275 3.5 6.9 7.8 10 . 6 13.0 15.2 31.2 11.9 
276 3.1 3 . 9 4 . 2 5 .7 7 . 7 22.0 40.9 12.5 
277 10.3 7 . 6 6.0 9 . 9 9.4 11.4 21.5 23 . 9 
282 5 . 8 13 . 1 12 . 2 16.1 14.6 14.6 20 . 1 3 . 5 
283 4 . 1 9 . 5 10.7 15.4 13.9 22 . 8 20.1 3 . 4 
284 4 . 7 13 . 2 14.6 20 . 7 16.0 12.6 12.3 5 . 9 
285 4.9 16.0 15 . 5 18.8 14 .3 12.2 12.1 6 .2 
286 5 .2 15.8 14.1 16.9 14.5 12.5 12.6 8 . 4 
290 4 . 2 11.7 13.3 19.9 17.5 14 . 1 15.0 4 . 3 
291 4 . 0 10.5 11 . 6 20.0 21.0 15.7 13.3 3 . 8 
292 4 . 2 12 . 4 14 . 3 22 . 2 20 . 0 13.7 10.0 3.3 
293 5.0 9 . 7 13.5 24 . 9 22.3 13.8 9 . 2 1.6 
298 1.2 2 . 1 3 . 2 5 . 5 10.3 20.2 36 . 3 21.1 
299 2.9 3.6 4.3 7 . 3 13.7 19 . 8 31.6 16.9 
300 2.7 4 . 0 5 . 1 8 . 3 14.2 13.2 29 . 2 23 . 3 
301 6 . 5 9 . 2 9.0 15.7 17.4 15.2 19.9 7 . 1 
